Volume November 1961 No. 


Science and 
Engineering 


Canadian Aeronautical 


Journal 


CONTENTS 

ASPECTS EFFICIENT PROPELLER SELECTION 

WITH PARTICULAR REFERENCE MAN- 

POWERED AIRCRAFT Wickens 319 
REVIEW THE PAST, PRESENT AND 

FUTURE AIRCRAFT BRAKE Weaver 331 
BOOKS 341 
LOG 


Pubtished the 


CANADIAN AERONAUTICAL INSTITUTE 
Commonwealth Building, Street 
OTTAWA 


— 
baa J 
| 
| —— - 


JET LIFT AND PROPULSION ENGINES 


have been specified for 


NEW STOL AND VTOL MILITARY AIRGRAFT 


Short Take-off and Landing Vertical Take-off and Landing 


High performance Advanced types military STOL and VTOL aircraft are being 
designed with Rolls-Royce engines because the performance which they offer. The latest 
jet-lift engine has thrust sixteen times its own weight. Joint development the Rolls-Royce 
R.B.162 jet-lift engine has been agreed the British, French and German governments. 


Experience Since 1941 Rolls-Royce has pioneered work STOL and VTOL powerplants; 
the company’s experience this field unrivalled. Techniques have been proved wide 
range ground and flight tests including those with the and the Short SC.1 
research aircraft. 


Wide choice Rolls-Royce can offer very wide range jet-!ift and propulsion composite 
powerplants suitable for all types subsonic and supersonic STOL and VTOL aircraft. 
Lightweight performance boost can provided for STOL aircraft either direct jet thrust 
flap-blowing for high lift. 


Operational advantages Aircraft with Rolls-Royce VTOL engines can operate from 
unprepared surfaces without special ground facilities. When using the latest take-off and 
landing techniques difficulties are caused recirculation and ground erosion. 
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The Standard Cherrylock 
Top Performance Through the 
entire range Diameters, Grips, 
and Materials 


ere 


The Bulbed Cherrylock 
Specifically for Thin Sheet and 
Double Dimple Applications— 
Even Greater Strength the 
Short Grip Ranges 


J 


Flush 


Positive 


Gives you All These Advantages 


Full Grip Range 
Complete Hole Fill 


Positive Visual Inspection 
(Grip Marked Head) 


A-286 Stainless Steel—Monel—Aluminum 


The Cherrylock* series team 
offers the finest, most adaptable air- 
craft rivets yet developed. Maximum 
joint strength and reliability are 
obtained using the Standard 
Cherrylock and the Bulbed Cherry- 
lock cover the entire range 
applications. The Bulbed Cherrylock 
for short grips and double dimple, 
the Standard Cherrylock the 
longer grips. Both types are installed 
with the same H-610 series pulling 
head, using existing Cherry guns. 
Higher joint strength allowables, 
close blind side clearance, and the 


Parmenter 


MANUFACTURING COMPANY LIMITED 


widest grip range available—only 
with the Cherrylock Team—result 
better fastening lower cost. The 
Cherrylock Team provides the 
strongest mechanical lock—flush 
fracture rivet available. Positive 
visual inspection after installation— 
with grip length marked the rivet 
offered only the 
Cherrylock Team. 
* * 

For technical data the Cherry- 
lock Team rivets, write: 
Parmenter Bulloch Mfg. Co. Ltd., 
Gananoque, Ontario. 
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GANANOQUE, ONTARIO, CANADA 


Subsidiary of Parmenter-Townsend Co., Ltd MONTREAL: 2425 GRAND BLVD., Ph. HUnter 1-6354 
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AeroShell Oil keeps 


engine parts clean, reduces wear, 
cuts aircraft engine overhaul costs 


Aircraft have logged millions hours Shell’s new additive 
oil—the first fully compounded additive oil approved 
major manufacturers aircraft piston engines. 

Here are answers key questions about AeroShell Oil 
helps keep engines cleaner, reduces wear—even 
extends periods between engine overhauls. 


AeroShell Oil Any size piston 
engine planes. Helicopters, too. 


dispersant oil? Because contains 
special metal-free additives that help 
keep tiny, ingested particles the 
oil from clumping together and form- 
ing deposits. These particles remain 
suspended and dispersed. 


How does this affect engine 
performance? means that en- 
gine parts stay cleaner. That lubri- 
cation points get all the oil they need. 
Your engine can run more efficiently, 
parts can last longer. 


What about oil consumption? 
Because AeroShell Oil helps pro- 
vide cleaner engine and less wear, 
you can expect less oil consumption. 


Can AeroShell Oil reduce 
maintenance costs? you have 


been using straight mineral oil, 
AeroShell Oil can reduce your 
maintenance costs-substantially. 
Intervals between engine overhauls 
can extended. And engines are 
easier strip and clean when Aero- 
Shell Oil used, overhaul man- 
hours may very well reduced. 


How does this new oil respond 
from cold start? AeroShell Oil 
hasa high viscosity index. Guards 
against excessive thickening the 
oil when cold, yet provides proper 
lubrication when hot. Result: 
easier starting, faster warm-up. 


AeroShell Oil thoroughly 
proved? Thoroughly. It’s had mil- 
lions engine hours flight time. 


Can AeroShell Oil added 
make-up oil? Yes. com- 
patible with all piston engine oils 
now being used. 


there more than one vis- 
cosity grade? AeroShell Oil 
available three viscosity grades: 
100 and 120 grades for large engines. 
And grade for small engines where 
straight mineral oil grade 55, 65, 
normally recommended. 


10. Where available? 
Shell Aviation Dealers everywhere. 
Any dealer will stock AeroShell Oil 
you ask him. 


Technical bulletin AeroShell Oil 
will sent request. Write: 
Shell Oil Company Canada, Lim- 
ited, 505 University Ave. Toronto. 


T-AV-561 


SHELL OIL COMPANY CANADA, LIMITED 
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the light current developments air cargo, chal- 
lenge you consider this statement. The time has come 
make searching reappraisal air freight operations they 
are being conducted with obsolete piston-powered passenger air- 
craft that have been converted for cargo. are convinced that 
these aircraft, although they may still represent multi-million 
dollar book investment, should now disposed of, notwith- 
current market prices, and replaced the modern 


all-cargo Canadair Forty Four. Inevitably, the disposal will result 
“profitable loss,” because can shown that the Forty Four 
the only all-cargo aircraft able operate profit, either 
domestically internationally, under the new low freight rates 
and will recover short period time the losses incurred 
the sale the outmoded converted equipment. Any 
Canadair official would welcome the opportunity discuss 
this more 
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ASPECTS EFFICIENT PROPELLER SELECTION 
WITH PARTICULAR REFERENCE 
MAN-POWERED AIRCRAFTt 


Wickens* 


National Aeronautical Establishment 


SUMMARY 


The success man-powered aircraft depends largely 
upon the efficiency the propulsive system. The propeller 
means thrust generation discussed terms the opti- 
mum advance ratio, solidity and power coefficient. Levels 
efficiency attained practice are compared with the theoretical 
values the ideal propeller, and the various aspects efficient 
blade design are discussed. 

Since the propeller man-powered aircraft may operate 
Reynolds numbers lower than those usually encountered 
practice, particular attention paid the boundary layer 
and scale effects. 


INTRODUCTION 

considerable attention has been focussed 
the attempts fly the power human 

muscle alone. Early efforts, which aircraft were 

actually built, flights attempted, and results recorded, 

are described References (1) and (2). 


The success aircraft this type depends 
part upon the skillful design strong, lightweight 
structure, and partly upon the aerodynamic efficiency 
the lifting and propulsive systems. the past few 
years renewed interest ultra-light, 
aircraft has led the development optimum air- 
frame structures. Reference (3) typical the ap- 
proach this problem. Parallel efforts increase the 
performance sailplanes has also resulted special- 


ized techniques regarding the aerodynamic problem. 


The development highly efficient aerofoil sections, 
particular, has received much both 
these areas, structural and aerodynamic, the peak 


23rd May, 1961. 
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performance may have been reached the conven- 
tional “aeroplane” type configuration; the success- 
ful man-powered aircraft may, necessity, have 
unconventional principle. 


Interest man-powered aircraft has recently been 
stimulated the Kremer Competition’, which 
considerable sum has been offered for the construc- 
tion and successful flight such aircraft. Although 
such flights have been attempted the time 
writing, several proposals and design studies have been 
published. One such study described Refer- 
ence (8), which the merits particular proposed 
design are studied terms the power and endur- 
ance available from human muscle. 


Aspects the generation power humans 
are discussed review article Wilkie’. 
points out that the production such power ac- 
companied limits endurance which vary in- 
versely the maximum output. Levels power 
high bhp may attained, but for duration 
only 6-10 seconds. Lower levels power may 
attained for longer time, and the author states that 
minimum level approximately 0.5 bhp may 
maintained indefinitely person average physical 
capacity and normal good health. This steady state 
output has also been shown depend somewhat upon 
the mode power generation legs alone legs 
and arms). Likewise, the short bursts power pre- 
viously mentioned may depend critically upon the 
athletic level the individual; for example, the figure 
0.5 bhp can doubled for approximately minute 
the physical capacity national amateur, but 
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world professional athlete may attain further en- 
durance minutes. 

Optimization studies and design 
mitted thus far, well the two aircraft built and 
flown, have inferred that the man-powered vehicle 
should approximate the conventional aeroplane with 
independent lifting and propulsive systems. While the 
design and aerodynamic performance such con- 
cept well-known art, may not necessarily result 
the optimum low speed aeroplane. con- 
cludes that efforts should made investigate other 
configurations, such helicopters. Reference (10) 
also discusses the aspects many aerodynamic sys- 
tems which lift and propulsion are 

Regardless the design concept the aeroplane, 
the over-all performance will depend upon the effec- 
tiveness the propeller, whether used the lifting 
thrusting role. The propeller used means 
thrust generation only has been employed for many 
years; much literature, both theoretical and experi- 
mental, available, and its operation well under- 
stood. For these reasons this article will deal with the 
various aspects the design efficient propellers, 
operating the conventional (i.e. cruising) sense. 
intended show, standard calculation methods, 
how the optimum efficiency affected design 
power coefficient, advance ratio and other parameters. 
Special attention paid peculiar operating condi- 
tions propeller for man-powered aircraft, such 
the abnormally low blade Reynolds numbers. 
Effects such these may also have some correlation 
with other, less conventional configurations. 

While keeping mind the final application such 
propeller, not intended limit the study 
the practicability the mechanical design (e.g. vari- 
able pitch), but hoped that the data shown will 
present useful summary propeller design criteria. 


LIST SYMBOLS 


disc area 

number blades 

propeller mean chord, 

Co, aeroplane profile drag coefficient 
Co, section minimum drag coefficient 


mean lift and drag coefficients 
propeller power coefficient 
thrust coefficient, 

propeller diameter, 

slipstream induced power, 
advance ratio V/ND 

induced drag factor 

propeller speed, rev/sec, rad/sec 
power, 

dynamic pressure, 
propeller tip radius (D/2) 
representative station radius 

thrust, 

propeller inflow velocity, ft/sec 
slipstream velocity, ft/sec 

flight velocity, ft/sec 


(3) this article indicates that, for aircraft high aspect 
ratio, level flight minimum power may limited lift 
coefficients well below those required sustain the aircraft. 
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V ft./sec. 


9P min. 
Figure 
Variation flight velocity with minimum power 


wing loading, 

aircraft weight, 

angle attack 

propeller efficiency 

air density, 

propeller solidity, 

kinematic viscosity 

propeller angular velocity 

Reynolds number, Vc/v, except where other- 
wise stated 

non-dimensional root radius 


POWER REQUIRED AND AVAILABLE FOR 
MAN-POWERED AIRCRAFT 


Aeroplane power requirements 

order introduce the problem propeller 
selection and design, might useful specify 
hypothetical aeroplane conventional design and 
summarize the effects drag, weight and wing-load- 
ing upon the power requirements. Assuming para- 
bolic variation drag with lift, theoretical expressions 
for minimum power and thrust, and speed for mini- 
mum power, are written follows: 


(3) 


From Eq. (1) seen that minimum power for 
steady level flight affected most critically the 
all-up weight and lesser degree the profile 
drag For aeroplane given wing area and 
aspect ratio, with fixed induced drag factor the 
effects relative changes and may estab- 
lished. For example, Reference (8) gives value 
0.014 for the minimum drag coefficient proposed 
man-powered aircraft, while several highly efficient 
sailplanes have values low 0.008. These 
values represent 15% spread the power require- 
ments two otherwise similar aircraft. 
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05 5:0 10-0 
Figure 
Variation thrust loading with minimum power 


Figures and illustrate the effect weight 
thrust/hp and flight velocity for minimum power. The 
abcissa both cases power required the aircraft, 
although Figure both and may 
interpreted the basis total power required 
the propeller. Constant values and have been 
taken 0.014. 

the basis bhp available the propeller 
shaft, specification thus defines propeller para- 
meter The flight velocity can found from 
Figure the propulsive efficiency assumed 
transmission efficiency 1.0 has been assumed this 
discussion) and the required thrust/hp given 
Figure For example, 500 aeroplane must have 
propeller thrust/hp 16.4. 

Eq. (3) may interpreted the inverse 
required for minimum power level flight, and ap- 
parent that the values and quoted above infer 
wing lift coefficient 1.73) which beyond 
the capabilities most conventional aerofoils. 
also doubtful whether the use the simple parabolic 
drag polar justified under such conditions. While 
the lift coefficients derived are clearly impractical 
without some form high lift device, the values 
and are representative high performance light 
aircraft", and therefore have been used basis 
the performance calculations the hypothetical man- 
powered aircraft. 

not the intention this article discuss the 
various aspects high lift generation with without 
boundary layer control, but reference should made 
publication which the power re- 
quirements aircraft having integrated lifting and 
thrusting systems are described. The optimum aero- 
plane for low speed flight similar the familiar 
flying jeep, with the important difference that opti- 
mum amounts wing lift are employed reduce 
the power requirements without resorting high lift 
devices. The configuration such aircraft un- 
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conventional; the wings are low aspect ratio, and 
propellers fans large diameter are used both 
the lifting and thrusting role. The low disc loading 
the propulsion system however requires the smallest 
installed power/unit aircraft weight. 


Ideal propeller performance 

The ideal propulsive system one which there 
are viscous losses; the physical propeller replaced 
actuator disc, which the only induced loss 
occurs result axial motion the fluid the 

The thrust, power and slipstream kinetic energy 
are written follows: 


Ideal propulsive efficiency defined the ratio 
useful work (TV) the total power. 


(7) 


Figure shows propeller thrust/hp plotted against 
flight speed for various values propeller disc load- 
ing T/A. Lines ideal propulsive efficiency appear 
also dashed. noted that the highest efficiencies 
occur the lowest disc loadings regardless flight 
speed. 

disc loading and propeller thrust/hp are specified, 
then the flight velocity and ideal efficiency may 
found; the example previously cited the 500 aero- 
plane represented horizontal line 16.4 
Figure The flight speed and maximum possible 
efficiency for representative disc loading 0.5 
are 29.2 and 0.85, respectively. 400 aeroplane re- 
quires lower value T/P, hence higher flight 
speed and ideal efficiency. 


V ft. /sec. 


Figure 
Ideal propeller performance 
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Figure 
Propeller efficiency—effects slipstream rotation 
V/ND 1.0 


DEPARTURES FROM THE IDEALIZED 
ACTUATOR DISC 

The ideal propulsive efficiency represents the high- 
est attainable with propeller disc area absorbing 
power the speed The values quoted thus far 
will affected practice losses due friction, 
slipstream rotation and other induced flows the slip- 
stream; however, they may used basis com- 
parison. The power coefficient may introduced 
account for the effects advance ratio, and 
theoretical relation between and ideal efficiency 
written follows: 


(8) 
Figure shows the effects power coefficient 


ideal efficiency; experimental data indicate the maxi- 
mum level attained 


Slipstream rotation 

The power requirements the propeller discussed 
thus far arise from the increase axial kinetic energy 
the final wake. general, however, even for 
frictionless propeller, the flow the slipstream will 
also have both tangential and radial components due 
the trailing vortex system. The latter (radial) com- 


ponents give rise tip. losses, which will 


cussed the ensuing paragraphs. The rotational 
motion imparted the torque reaction and can 
significant. The resulting increase anguiar mo- 
mentum does not contribute the useful work (TV) 
and hence represents loss efficiency. 

The effects slipstream rotation propulsive 
efficiency are shown Figure where plotted 
against power coefficient. The shaded area from the 
theory Reference (14); each curve represents 
envelope many fixed pitch propellers, one pro- 
peller variable pitch. Data consistent with current 
practice are also shown the dashed curve. The 
optimum value indicates total loss efficiency 
compared with the ideal propeller. The theory 
indicates that approximately half this due slip- 
stream rotation. Experience has also shown that the 
fixed pitch propeller, operating very low advance 
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ratios, zero advance ratio, suffers much higher 
rotational losses. 

The additional loss power due slipstream 
rotation relatively small under normal (i.e. cruising) 
operating conditions, but exerts important in- 
fluence the best distribution induced velocities 
the propeller disc. 


Tip losses 

principle, the rotating propeller blade similar 
the finite aeroplane wing that sheet vorticity 
variable strength shed along the span. The 
strength this vorticity varies asymmetric man- 
ner across the radius, reaching maxima root and tip; 
its distribution depends upon the number blades 
and the condition that the propeller 
Unlike the wing vortex sheet which usually con- 
sidered planar, possessing small velocity normal 
the flight direction, that from propeller blade 
helical form and moves axially downstream with 
small relative velocity. The fluid velocities induced 
relative this sheet (or sheets) are radial, tangential 
and axial sense, and account for all the induced 
losses. The radial motion gives rise loss thrust 
the blade tip. This loss known the tip loss, 
and varies inversely the number blades. 

Reference (15) presents theoretical analysis 
the properties the trailing vortex system pro- 
pellers having minimum induced losses; variations 
this method are also used basis design. simple 
method for estimating this loss efficiency given 
Reference (14). 


Profile drag 

The efficiency losses discussed thus far have been 
termed “induced” that they are associated with the 
trailing vortex system. may shown that these 
losses are relatively small under favourable operating 
conditions. The blade elements are, however, also sub- 
ject external forces due the viscosity the fluid. 
The resulting effects due profile drag can and 
frequently are severe. addition the direct losses 
due friction, has been that there 
may significant changes the optimum shape 
the loading curve, although this latter effect usuall 
ignored practice (provided that the blade elements 
are operating minimum profile drag). 

Reference (17) points out the analogy between the 
wing maximum lift/drag ratio which the induced 
and profile drags are equal and the propeller maxi- 
mum efficiency, having similar division between 
profile and induced loss. 

The profile losses become particularly significant 
for propellers operating low Reynolds numbers, 
would the case for model propellers those for 
man-powered aircraft. further discussion the 
effects scale are given subsequent section 
this article. 


PROPELLER SELECTION AND PERFORMANCE 
ESTIMATION 

This section describes the effects varying ad- 
vance ratio, solidity and number blades optimum 
propeller efficiency and design power coefficient. The 
flight conditions are for the cruise, and the method 
analysis taken from Reference (18). The effects 
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Envelope Efficiency 7, 


TU 


Power Coefficient 


Figure 
envelope efficiencies for 3-bladed 
propeller (Clark profile), V/ND 1.0 


profile and induced loss are included this comparison, 
propeller polars inferred from many test 
results were considered the most reliable data 
used with the “single radius” method with which the 
above reference deals. Differences between this simpli- 
fied performance method and more elaborate strip 
theory calculation exist, pointed out Re- 
ference (19); for example, the effects planform 
effective solidity (activity factor) and/or pitch distri- 
bution can only demonstrated the more elabo- 
rate methods. Nevertheless, for initial design studies, 
such are presented here, especially view the 
uncertain effects scale, the simple method shows the 
effect changing the principal parameters. 

Calculations were performed for range design 
advance ratio propeller solidity and number 
blades The resulting curves C,) are the loci 
maximum efficiency for propellers varying pitch. 
They are designated Clark aerofoil section 
was used the calculations. Figure shows, for 
3-bladed propeller, curves this type for 
varying from 0.05 0.125. 


Optimum values occur values which 
increase with solidity. For the advance ratio shown 
The ideal efficiency given Eq. (8) also shown 
basis for comparison. 

Similar calculations were performed for design ad- 
vance ratios 0.5, 1.5, 2.0 and 2.5, and for propellers 
having and blades. 

convenient way summarize the results for 
given number blades shown Figure (for 
blades). this graph the power coefficient for opti- 
mum plotted against design advance ratio V/ND, 
and for various values (the activity factor 
not specified, but all the blades are assumed have 
standard shape). Contours are shown. The 
maximum efficiency this case appears have value 
0.88 greater for design advance ratio lying 
between 1.5 and 2.0, and 0.10. Similar 
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Optimum Power Coefficent C 


Advance Ratio ND 


Figure 
Power coefficient for maximum envelope efficiency 


blades, Clark profile) 


calculations carried out for propellers having and 
blades indicated significant differences the high- 
est value attainable. However, Figure sum- 
marizes the effects blade number and solidity the 
choice design advance ratio. 

Frequently, propeller configurations must 
chosen some other basis than optimum cruising 
efficiency. For example, high solidity selected 
(for high static thrust), then the design V/ND will 
lower than that which gives the optimum cruise 
efficiency, implying also slight change For 
example, for the 4-bladed propeller Figure 
the optimum V/ND approximately 2.05, and max 
was estimated 0.88 for solidity 0.10. Select- 
ing solidity 0.25 decreases the optimum V/ND 
1.40 and 0.78 approximately. noted that 
the performance may increased slightly chang- 
ing the number blades while leaving the total 
solidity constant. 

The data presented this section are con- 
sidered estimates only; the simple method used 
probably accurate only for full-scale propellers 
standard configuration, flying high cruising speeds. 
The relatively high values efficiency quoted here 
are affected practice the installation, scale, and 
other effects which are largely unpredictable 


ADVANCE RATIO FOR MAX %, 


PROPELLER SQLIDITY Bc 


Figure 
Effect number blades design advance ratio 
and maximum efficiency 
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Figure 
Comparison wing and propeller characteristics— 


Clark profile 


simple theory. For example, the low solidities dic- 
tated the requirements high propulsive effi- 
ciencies may, when applied the design very low 
powered propellers, result narrow chord, giving 
rise severe scale 


FACTORS AFFECTING PROPELLER PERFORMANCE 
—EXPERIMENTAL DATA 


Propeller polar 

The calculations presented the previous section 
showed how propeller efficiency affected changes 
some the important aerodynamic parameters. The 
theory was crude; however, was possible account 
for such real fluid effects profile drag, the extent 
that the lift/drag characteristics the whole pro- 
peller were considered apply representative 
spanwise station (usually taken r/R 0.7). These 
propeller characteristics are similar some respects 
those the aerofoil that station. 

Data inferred from many tests full-scale and 
model propellers may synthesized form drag 
polar for the propeller. Reference (19) describes the 
results such tests, and Figure shows, for the 
Clark section, differences between the synthesized 
polar, and that wing aspect ratio six. The pro- 
peller polar includes the effects induced well 
profile drag, and therefore cannot compared with 
the two dimensional aerofoil polar r/R 0.7, ex- 
cept under conditions zero lift (thrust). 

The concept propeller polar useful not only 
for calculating performance, but also assessing the 
relative merits propellers having minor modifica- 
tions; has also been used illustrate the effects 


324 


scale and compressibility. For example, 
Reference (19) shows how the “clean” propeller polar 
affected the addition root fairings. Similarly, 
many other modifications, some which are discussed 
the following sections, may compared using 
propeller polar. 

Effect profile section 

series full-scale tests was conducted the 
order compare two conventional pro- 
peller sections (RAF6 and Clark with other sec- 
tions having rather extreme characteristics regards 
camber. All propellers tested were diameter, 
had blades, and were identical planform. Details 
the propeller sections are given the above re- 
ference and noted Figure 

The chief difference between the aerofoils the 
amount camber design lift coefficient, although 
there are slight differences the thickness form 
curves. The effect increasing camber aerofoils 
increase and Propeller performance will 
reflect this characteristic that the envelope efficiency 
will depend directly upon while the static thrust 
will depend Some the adverse effects 
high camber may overcome the use laminar 
aerofoils; their application propellers will dis- 
cussed further on. 

Figure shows the propeller polars inferred from 
test data for the various propellers. The locus 
maximum propulsive efficiency also indicated. 
legend summarizes the pertinent profile characteristics. 
high values the drag coefficients 
not reflect the effects camber previously 
the more highly cambered profiles having the lowest 


and vice versa. this case, particularly view 
the low propulsive efficiencies, the blades were prob- 


ably stalled. lower values however, (cor- 
responding the highest the RAF6 section had 
the highest drag and the NACA 2R,00, having lower 
camber, the lowest. 

The influence blade drag maximum envelope 
Figure 10, also taken from Reference (23). The 
effect large changes propeller drag coefficient 
upper limit the possibilities improving 
these means. The theoretical ideal efficiency for zero 
drag noted only slightly higher than that 
extrapolated from the curve. 

conclusion the above reference (which may 
applied the propeller selection man-powered 
aircraft) that the design condition (cruise) the 
aerofoil selection should made the basis 
only. This will generally compromise the takeoff and 
low speed characteristics; Figure Reference (24) 
indicates that the spectrum camber required for 
efficient propeller operation varies widely from high 
low values for takeoff and cruise, respectively. 

Minor differences propeller performance may 
had varying both maximum thickness and nose 
radius the profiles. The effect increase 
thickness propellers with Clark and RAF6 sec- 
tions discussed Reference (25). slight increase 
efficiency was noted with the thickened Clark 
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formance, the advantages 
cambered laminar flow 
propeller section become 
clear. The compromise be- 
tween takeoff and cruise 
requirements may also 
relieved. Qwick Refer- 
ence (29) discusses this and 
other propeller problems 
further. Reference (30) in- 
dicates that laminarization 
the pressure side 
ducted fan blade means 
slot provides sizeable 
increase efficiency. 


Effect blade number and 


Figure 


Propeller polars illustrating the effect camber performance 


however the RAF6 exhibited opposite effect, 
buted, part, the increased effective camber, and 
probable resultant stall. 

The effects leading edge imperfections are also 
important. Reference (26) describes experiment 
which the leading edge conventional high speed 
section was deliberately flattened over most the 
span the propeller. The resultant loss efficiency 
low tip speeds was attributed part separation 
the leading edge. The effect leading edge im- 
perfections thick (21%) symmetrical aerofoil sec- 
tions, such those which may found the in- 
board sections propeller, may inferred from 
the results data presented Reference (27). Hol- 
lows and ridges having maximum amplitude the 
order 0.15% chord were scribed near the leading 
edge the aerofoil. They appear have significant 
effect the performance windmill model; the 
presence these irregularities decreases both maxi- 
mum torque and total drag, reflecting the effects 
described Reference (28); polars for similar pro- 
pellers having different are described. Clark 
and RAF6 profiled propellers are compared with one 
having laminar flow section high mean camber. 
The profile not specified but similar some 
respects the NACA series 16, well-known laminar 
flow propeller section. The camber was 4.5%. The 
polar the laminar propeller for subsonic tip speeds 


indicated lower design conditions than either 
the Clark the RAF6 propellers. high mean lift 
coefficients (takeoff), was still superior the 
Although the value the mean blade drag 
coefficient for maximum efficiency not necessarily 
(see Figure 9), nevertheless tends this value 
for the more highly cambered blade sections. There- 


fore, using basis comparison per- 
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solidity 
Theory indicates that 
the effects activity fac- 
tor (effective solidity) and 
blade number given de- 
sign condition tend can- 
cel each other. increase 
solidity constant 
power coefficient ad- 
vance ratio increases the 
loading per unit disc area and hence the induced loss; 
the efficiency therefore will decrease. increase 
the number blades constant solidity reduces the 
tip loss, resulting more thrust for given power. 
Reference (31) reports series tests which 
the efficiencies propellers having and blades 
were compared. The planform and section profiles 
these propellers are identical. propeller having 
larger blade area corresponding 50% increase 
mean blade width was also tested, and was therefore 
possible assess separately the individual effects 
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solidity and number blades. Figure summarizes 
these tests, showing the effect number blades 
propellers constant solidity. seen that changing 
change efficiency. The solid curve, well below the 
others, illustrates the effect solidity; 50% change 
blade width for 2-bladed propeller results 
decrease efficiency. noted from calculation 
(Figure that the maximum envelope efficiencies 
occur for lower design advance ratios with blades 
high solidity. similar effect noticed between pro- 
pellers reduced numbers blades constant 
solidity. 
Effect blade width distribution 

has been shown previously and discussed 
Reference (31) that changes propeller effective 
solidity (i.e. activity factor) have significant effects 
upon the envelope efficiencies. these tests men- 
tion was made the effect change blade width 
distribution which occurred one the 
wide blade noted Figure actually had consider- 
able blade area concentrated toward the inboard 
sections. 

Certain marked differences constant speed effi- 
ciency V/ND for fixed C,) series 
model propellers differing blade width distributions 
were noted Reference (32). The models were de- 
signed have identical effective solidities and there- 
fore envelope efficiencies. Representative blade width 
distributions are those shown Figure 12. was 
found that their constant speed efficiency curves were 
significantly different advance ratios well below 
those which maximum efficiency occurs. This 
shown for the three blade shapes Figure and for 
constant power coefficient 0.50. 

The more efficient operation blade (tapered 
from root tip) the advance ratio decreases 
ascribed the redistribution loading from the less 
efficient, stalled, outboard sections the unstalled in- 
board sections, thereby converting the power more 
efficiently into thrust. The effect decrease 
reduce the spread between the tapered and un- 
tapered blades. (The planform effects discussed here 
not appear any marked degree maximum 
envelope efficiency approached.) 

The desirability operating the propeller the 
man-powered aircraft constant throughout the 
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takeoff landing may offset the practical 
difficulties variable pitch and the advantages 
purely mechanical takeoff (e.g. pedalling). 


PROPELLER BOUNDARY LAYER AND SCALE EFFECT 

many respects the propeller blade similar 
finite rotating wing, and most theoretical treatments 
the problem separate the induced effects from the 
viscous effects. doing this, two-dimensional section 
data are often used calculate thrust and total power. 
Comparisons calculated and measured propeller co- 
efficients low Reynolds numbers, however, reveal 
wide discrepancy even when the appropriate Reynolds 
number correction applied the section data. This 
generally attributed the effects centrifugal 
action the growth, profile and stability the pro- 
peller boundary layer. 

While little work has been done the complex 
nature the propeller boundary layer, many experi- 
menters have investigated, both experimentally and 
theoretically, the boundary layer flow rotating 
disc, and one have attempted means 
flow visualization correlate results with the observed 
flow propeller blade. Reference covers most 
the aspects the flow rotating discs, applying 
the results the calculation boundary layer pro- 
files infinite rotating wing. 

Observation has shown that the disc acts 
centrifugal fan with regard the secondary flow 
its surface. The boundary layer fluid expelled almost 
tangentially the edges the disc, while the fluid 
outside, constant total pressure, experiences high 
induced velocities near the axis rotation. The 
boundary layer streamlines are spiral form. Flow 
and measurement local skin friction 
coefficients” indicate laminar region the inner 
portion the disc, with well-defined transition 
turbulence the outer region. Measurement transi- 
tion Reynolds numbers (7°Q/v 300,000) indicate that 
the onset turbulence accelerated rotating 
bodies this type. 

Visualization the boundary layer flow both 
suction and pressure sides marine-type propeller 
are discussed Reference (33). this experiment, 
which was water, dye issued from small holes near 
the leading edges the blades, thus moving with, but 
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not disturbing the boundary layer flow. Laminar con- 
ditions the suction side were identified fan-like 
area coloured fluid, extending from the orifice 
chordwise and spanwise sense. Areas turbulent flow 
were characterized the appearance narrow, 
highly irregular streak dye. 

From the data presented this report, evident 
that the turbulent area the blade dependent up- 
both Reynolds number and propeller loading. 
Figure shows the outer limits observed laminar 
flow the suction surface typical marine pro- 
peller blade for two propeller thrust coefficients. 
seen that the blade mostly turbulent the lower 
thrust coefficient. The pressure side however (not 
shown exhibited almost complete flow 
under the same operating conditions. 

significant comparison was made the author 
the above between rising thrust and 
torque values (at constant V/ND) and increasing 
area turbulence the suction surface. Agreement 
between measured thrust and torque values and those 
calculated using two-dimensional section data was 
poor; this was attributed the premature spread 
turbulence via the radially-directed boundary layer 
flow. 

Similar measurements conventional propellers 
air are scarce. Chordwise and spanwise static pres- 
sure measurements, well wool-tuft visualization 
the boundary layer, are described Reference (37) 
for blade small-scale ducted fan. Similar 
measurements static pressure have been made the 
NACA aerofoil sections full-scale single-bladed 

The most striking result noted the above re- 
ference” was the tendency for the blade sections 
resist the stall. Both and all stations 
along the blade were noticeably higher than those 
the basic two-dimensional aerofoil, particularly close 
the root. The stall resistance was attributed the 
thinning the boundary layer, and parallel was 
drawn with boundary layer suction. The variation 
max With radius shown Figure for the ducted 
fan and propeller; section values based 
local (chordwise) Reynolds number are also plotted, 
illustrating the effects rotation. Further evidence 
the centrifugal effects reflected the wide varia- 
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Radial variation propeller section characteristics 
and dC,/da 


tion lift curve slope across propeller radius, dis- 
cussed Reference (39) and also shown Figure 14. 

The effects scale Reynolds number aero- 
foil sections and wings are well known; Reference (40) 
summarizes work done the NACA this subject, 
for range Reynolds numbers normally encoun- 
tered during model tests. Very low values this 
parameter 60,000) are likely occur some 
propeller sections for which data are both scarce and 
unreliable. Scale effects, however, can severe. Re- 
ference (41) presents interesting measurements the 
profile characteristics model aeroplane wings. 
Figure shows lift and drag curves for the 625, 
typical high lift section. The lifting characteristics 
the section below 100,000 are seriously 
large changes lift curve slope and zero lift angle are 
evident. 

The estimation scale effect propellers not 
straightforward. Application two-dimensional data, 
similar that shown Figure 15, propeller blades 
leads the conclusion that the blades are likely 
stall along inboard sections and that drag coefficients 
will high due the very low Reynolds numbers. 
has already been shown, however, that the inboard 
sections may subjected high local lift coefficients 
without stalling and that the lift curve slope increases 
rather than decreases indicated Figure 15. has 
also been noted that the spread turbulence over the 
blade enhanced the spanwise flow the bound- 
ary layer, thereby reducing the drag 

Very few tests have been performed propellers 
solely for the purpose establishing scale effect. 
Those data which are available indicate decrease 
maximum propulsive efficiency with ‘propeller dia- 
meter. loss efficiency was noted Re- 
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ference (19) for model propellers ranging from 4.5 
2.5 diameter. similar loss efficiency be- 
tween model and full-scale propeller test results in- 
dicated Reference (43). 

Extensive measurements have been made the 
effects Reynolds number the performance 


single-stage axial compressor“. Efficiency loss plotted. 


against blade Reynolds number Figure 16; the 
effects very low Reynolds number this type 
rotor are severe. 

Variations static thrust effectiveness with tip 
speed for both model and full-scale propellers are re- 
ported References (45) and (46), respectively, and 
have been attributed, part, Reynolds number 
effects. 

Attempts have been made assess the effects 
artificially-induced turbulence the characteristics 
marine propellers. The use leading edge trip 
wires upstream turbulence screens model tests 
was suggested Reference (33) method pro- 
ducing the effects full-scale Reynolds numbers. This 
method proved successful that the thrust co- 
efficients low Reynolds numbers attained the higher 
values associated with high Reynolds numbers. Torque 
coefficient, however, continued rise due the pro- 
file drag the wire. Reference (44) turbulence 
wires were employed suppress the scatter from 
propeller test data and the coefficients thrust and 
torque exhibited essentially the same result noted 
Reference (33). Figure shows the limits laminar 
flow propeller blade with 0.006 inch leading 
edge trip wire. 

Further references scale effect model pro- 
pellers are included References 55. 
DISCUSSION APPLICATION THE 
MAN-POWERED AIRCRAFT 

has been the purpose the preceding sections 
attempt show the various aspects design and 
operation efficient propellers. The man-powered 
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aircraft, most people envisage it, approximates the 
conventional aeroplane with independent lifting and 
propulsive systems. The operation and design pro- 
pellers this role are well understood, and hence this 
article has dealt with various factors affecting pro- 
pulsive efficiency the cruise. 

From considerations simple propeller theory, 
maximum efficiency achieved with low disc 
loading possible; this illustrated Figure 
practice, however, efficiency limited profile drag; 
increasing the propeller diameter indefinitely also im- 
plies increase the blade area, resulting more 
significant fraction total power dissipated vis- 
cous losses. more realistic propeller selection for the 
crusing condition (Figure has indicated propeller 
solidity 0.10 and design advance ratio 2.05. 
The optimum calculated efficiency was 0.88. Assum- 
ing over-all efficiency 0.8, the optimum flying 
speed the 500 aeroplane would 27.5 ft/sec, 
and the propeller tip speed would therefore ap- 
proximately ft/sec. 

Further optimization power coefficient allows 
the calculation maximum propeller diameter for 
given number blades. The effect change the 
number blades less maximum efficiency than 
the best power coefficient; 3-bladed propeller 
has value 0.115, compared with 0.190 
for the 4-bladed propeller. The latter will, course, 
result the smallest propeller diameter (e.g. 5.50 ft). 

The performance method described Refer- 
ence (18) does not allow for large variations section 
Reynolds number; the test data available are usually 
representative flight conditions, and the levels 
are such that losses are minimum. has been 
shown, particularly Figure that blade Reynolds 
numbers low those implied the above numbers 
will have serious effect upon the maximum efficiency. 
For example, the section Reynolds number mid- 
span the propeller approximately 0.03 
the maximum efficiency from Figure 
0.78. Some improvement may had employing 
the 3-bladed propeller, since mean chord propor- 
tional D/B. The larger diameter and fewer blades 
result some 50% increase Reynolds number, 
bringing the maximum efficiency 0.82. 

Since decreases propeller efficiency have direct 
effect upon all-up weight for given flying speed, 
efforts have been made the past investigate means 
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reducing losses. The present state propeller 
theory such that most designers are confident 
minimizing the induced losses. The correlation 
maximum envelope efficiency with minimum propeller 
drag coefficient indicates that the proper choice 
aerofoil section important reducing the profile 
loss. section small camber usually desirable. 
Laminar flow sections have been current use for 
many years, mostly connection with problems 
compressibility, but propeller experiments Germany 
during World War demonstrated that the adverse 
effects camber (4.5%) cruising performance 
were overcome the use laminar flow 
The advantages the cambered aerofoil section also 
appear increased static thrust for takeoff. 


Other means improving propeller performance 
are less subtle, and present are doubtful value. 
has suggested employing the natural (centri- 
fugal) convection currents which would occur 
hollow blade with intake and exhaust the root 


and tip sections, thus having suction and blowing 


boundary layer control respectively these sections. 
The practicability this scheme was questioned 
Reference (28) due low suction 
blowing coefficients which could realized. More- 
over, has already been shown (Figure 14) that con- 
siderable boundary layer control exists the inboard 
blade sections. 


The use leading edge slots has also been sug- 
means improving the takeoff perform- 
ance. This allows the inboard sections operate 
without stalling; however, the penalty cruising per- 
formance may high. more ingenious use slots 
the suppression transition from laminar 
turbulent flow the pressure side fan 
The sink effect the slot such that the boundary 
layer 60% the chord removed, resulting 
extension laminar flow. Sizeable increases the 
efficiency axial flow blower were reported. 


Some mention has already been made the 


sibility using the propeller for man-powered air- 
craft the lifting well thrusting configuration. 
While this article has not discussed the performance 
characteristics such scheme, probably worth 
while point out some the interesting features 
the ducted propeller, which possible application. 
The increase effectiveness due the ducted pro- 
peller comes from two sources: first, the shroud 
duct has the effect endplating the propeller blades 
and reduces the tip losses. second source thrust 
due the pressure distribution the duct itself; 
simple theory indicates that 26% gain static thrust 
available, over similar free propeller absorbing the 
same power. This gain thrust decreases rapidly with 
forward speed; the profile drag the duct would 
further reduce the effectiveness the ducted pro- 
peller, and has not been seriously considered for the 


aircraft the conventional form. 
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air traffic segregation) 
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anyone wishing should submit brief summary for consideration the National Programmes 
Committee. Such summaries must the hands the Secretary the December, 1961. 
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REVIEW THE PAST, PRESENT AND 
FUTURE AIRCRAFT BRAKEt 
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SUMMARY 


The rapid advance aircraft performance has necessitated 
equal improvement aircraft brakes. short time ago, the 
heart the aircraft brake was organic lining material used 
with mild steel cast iron heat sink form disk 
drum. Today, the brake has meet much higher 
energy capacities and higher torque requirements while being 
asked meet very limited weight and envelope specifications. 

New metallic brake linings have been developed and used 
with special alloy steel disks. Today, the lining material joins 
the disk heat absorption member the brake and both 
are able withstand very high temperatures. 

Considerable development being done improve service 
life and extend capacities present brake designs. The liquid- 
cooled brake system under service test the present time 
available method for accomplishing this. Other methods 
will require the use new materials, such beryllium, which 
are currently under development. 


INTRODUCTION 
rapid advances made aircraft performance 
have necessitated equally rapid improvement the 
various aircraft components. Aircraft brakes, though 
often overlooked, play very important part the 
over-all mission today’s aircraft. High performance 
flight generally produces high landing speed charac- 
teristics requiring dependable high-capacity brakes 
the current air fields can used. 

Auxiliary braking methods, such drag chutes, 
reverse thrust, and landing field arrestor systems, are 
also employed some cases. These systems all have 
some limitations; therefore, they assist but not re- 
place wheel brakes. 


PAST BRAKE EQUIPMENT 

the late the aircraft tail skid was replaced 
with the tail wheel. the skid was very effective 
brake, the use the tail wheel forced the considera- 
tion some type wheel brakes. The shoe-type 
drum brake proved effective. 

One the last and largest aircraft use the shoe 
type brake was the Douglas DC-3. This aircraft had 
two main landing gear wheels with two brakes per 
wheel. Each brake was designed handle kinetic 

The basic friction components these early shoe 
brakes were soft organic lining material and drum 
mild steel. The shoe brake covers only part the 
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Figure 
Expander tube type drum brake for Douglas DC-3 


drum circle and usually has relatively uneven wear 
pattern. This, course, leads short service life. 


The expander tube drum brake was developed 
overcome the limitations shoe brakes. This brake 
was made full circle lining blocks, actuated 
radially expander tube. Two stamped steel side 
frames, when bolted together, formed the support for 
the tube and also provided the lugs for transmission 
the torque from the lining blocks. The full circle 
lining blocks provided more even surface contact 
well greater surface area. These factors com- 
bined give brake longer service life, higher 
torque capability, and greater kinetic energy capacity. 
example, this brake designed fit the drum 
the DC-3 (Figure increase weight pro- 
duced approximately 30% more braking ability. 


The single main wheel landing gear continued 
general use for larger aircraft, particularly the mili- 
tary field. Increase aircraft weight and size brought 
increase wheel size. Large wheels, course, 
offered larger diameter which put brake 
assembly. This was natural environinent for the ex- 
pander tube drum brake, which was very successful 
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Figure 
Wheel and duplex expander tube 
brake for rear gear Boeing B-47 


such aircraft the Boeing B-17, B-377, and B-47 
(Figure 2). these typical installations, the drum was 
usually steel shell with cast-iron liner. This, 
conjunction with improved organic lining materials, 
produced the necessary torque and kinetic energy 
capacity. These brakes provided the lightest weight, 
least expensive equipment, and gave excellent service 
life. 

Disk brakes were also being developed. They came 
into general use aircraft using multiple and/or 
small-diameter main wheels typified the Lock- 
heed T-33 and Convair 240. The disk brake combined 
the advantage being able put more energy and 
torque into very small package with its low displace- 
ment requirement, making ideal for the master 
cylinder operation the smaller aircraft. the many 
approaches disk brake design, two principal ones 
emerged. First was the multiple disk brake and the 
second, the single disk spot brake. 

The multiple disk unit was usually made 
several thin rotating disks alternating with thin station- 
ary lining carriers, mounting series spots 
organic lining material. Although the multiple disk 
brake packed considerable amount kinetic energy 
into small package, its chief disadvantage was the 
large number parts and the inherent higher cost 
maintenance and manufacture. 

The single disk spot brake had one fairly heavy 
disk. One more spots lining were used, depend- 
ing the torque and requirements. Each spot was 
attached the actuation piston while companion 
piece material was attached the anvil the 
brake housing. the single disk rotated between the 
two sets linings, the clamping action produced the 
braking torque. Because the small surface area 
lining material available, the spot -brake generally had 
high lining area loadings and relatively short service 
life. However, ease maintenance and overhaul com- 
pensated for this some degree. 

The two types disk brakes, as-well expander 
tube drum brake, continued developed. How- 
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Figure 
Cutaway wheel and dual expander 
tube brakes for Lockheed 1049C 


Figure 
Wheel and internal expander tube 
brake cutaway for Republic RF-84F 


ever, the trend away from the single main landing 
gear the large aircraft the T-type gear using 
multiple smaller main wheels reduced the space avail- 
able for brakes. The result was that the last the 
larger aircraft which the drum and disk brakes 
competed directly were typified the Convair 340, 
Douglas DC-6B, and Lockheed 1049C (Figure 3). 

Table brief listing some the aircraft 
from the DC-3 the Lockheed 1049C. shows the 
trend KE/wheel, wheel bead diameters, 
sink loadings HS) for brakes using organic 
linings. 

The progress brake capability indicated the 
figures Table was result primarily improving 
the friction components the brake. Taking the lin- 
ing material first, started with the very soft organic 
materials which withstood temperatures ap- 
proximately 700°F. This asbestos-phenolic based lining 
was further improved the addition friction 
modifiers, such graphite, alumina, and ceramics and 
metallic chips, until withstood temperatures ap- 
proximately 1200°F. course, the harder and more 
abrasive linings produced both wear and temperature 
problems for the disks and drums. Whereas the or- 
ganic lining’s chief job was develop friction, the 
disk drum’s job was absorb and store the heat 
developed the conversion kinetic energy. 
addition, the disk and drum had resist the wear 
the lining material. 


The early drums were mild steel. energies were 
increased the centrifuse drum, having steel shell and 
cast-iron liner, was used. had very good heat absorp- 
tion characteristics well stability the increased 
temperatures. The use the very hard abrasive or- 
ganic linings and the further increase energy inputs 
developed the need for special alloy steel drums. The 
final step drum design was the use alloy steel, 
Timken 1722AS. Aircraft such the Republic RF84F 
(Figure and Boeing B-52A use brake drums this 
material. 


Canadian Aeronautical Journal 


‘ 


TABLE 


Type Seat KE/Wheel Brake Heat Sink KE/Lb Lining 

ize ia-In Weight-Lb Weight-Lb Heat Sink Material 

Douglas DC-3 Transport 58.8 31.3 102 ,500 Organic 

Boeing B-377 Transport 56” 168.0 96.0 Organic 

Convair 340 Transport 49.0 30.5 Organic 


The early disks were also mild steels and, for 
the same reasons the drums, required improvement. 
They progressed through the 4130 heat-treated steels 
the use the Timken alloy 1722AS. the im- 
provement the disk well the drum material, 
have raised their maximum operating temperatures 
from approximately 1000°F over 2000°F. 

The practical temperature limits both the or- 
ganic linings and the disk and drum materials had been 
reached. the capacity brake controlled 
the high temperature and mass the friction 
materials, new approach the aircraft brake prob- 
lems was needed. 

The North American F-100, Douglas DC-7C and 
Lockheed 1649 were typical new aircraft designs 
this time period. Space and weight for brakes was 


limited while the energy and torque requirements 


increased. meet these new requirements 
disk brake design was used combination with the 
newly developed metallic linings. These new linings 
operated much higher temperatures than did the 
organic linings. Also, being metallic, they joined the 
disk part the brake heat-absorbing mass. The 
result was that more kinetic energy could handled 
per pound brake; thus, more compact brake design. 

The early metallic linings were basically sintered 
bronze iron with friction modifiers such cera- 
mics, graphite, and alumina. developed high 
static and moderate dynamic coefficients friction. 
However, they tended produce grabbing chatter 
during low aircraft speed brake applications. These 
metallic linings had maximum operating temperature 
approximately 1500°F. 

The high temperature metallic linings used with 
equally high temperature disks did bring some 
problems with the hydraulic actuation seals the 
brake. However, the use insulating materials the 
ends the actuation pistons, and between the piston 
housing and the heat sink, reduced eliminated seal 
problems resulting from brake heat. 

have briefly covered the development the 
aircraft brake the present time. Now, con- 
sidering brake design for current aircraft, will 
separate the military and commercial equipment. This 


necessary the design approaches can quite 


different. 


COMMERCIAL BRAKE DESIGN 
Commercial aircraft are either directly indirectly 
used profit making. This dictates cost-conscious, 
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conservative approach the design brake equip- 
ment. Therefore, conventional brake designs 
(Figure are must. the conventional brake de- 
sign mean brake assembly that attached 
axle torque flange next the strut bogie beam. 
The stationary parts the heat sink are keyed the 
brake torque plate, while the rotating members are 
keyed the wheel mounted axle outboard 
the brake assembly. With this approach design, 
the piston housing actuation member the brake 
usually slightly outboard the wheel profile, while 
the heat-sink members are within the wheel contour. 
The brake designs for the Douglas DC-6B, Lockheed 
Electra (Figure and Boeing 707 are typical this 
design approach. 

The commercial field covers wide range air- 
planes, from the Pipers and Havilland’s the 
Boeing 707’s and Douglas DC-8’s. Therefore, will 
separate the light aircraft brake equipment from the 
heavier transport brake equipment, for ease brake 
description. 


Light aircraft brakes 

The lighter aircraft have for many years used 
single disk spot brake with good success. However, 
these aircraft like all others have grown size, weight, 
and horsepower, which increased the brake torque and 
kinetic energy requirements. The simplicity and low 


Cutaway wheel and disk brake for Lockheed Electra 
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Figure 
Single disk pad brake for Havilland Caribou 


weight the single disk brake make desirable 
retain its basic features new designs. 

When the organic lining was used was attached 
directly the actuation piston. This method gave sup- 
port the lining material and insulated the piston, but 
limited the lining area. Now, meet new brake re- 
quirements without increasing the brake envelope, 
improved materials were needed. Recent developments 
the sintered iron lining have produced smooth 
chatter-free material acceptable for light plane use. 
The new lining also develops good coefficients 
friction over wide temperature range. the sintered 
material backed with steel, larger lining segments 
(Figure can used without direct piston support. 
The use metallic linings requires that the pistons 
insulated prevent brake heat from damaging the 
hydraulic seals. The new sintered iron lining materials 
have raised the and torque capabilities the single 
disk brake while reducing fade and improving service 
life. 

Latter versions the Havilland Caribou 
(Figure will have improved braking capabilities 
owing the use the above materials the brake 
design. 

Transport aircraft brakes 

are presently designing 
brakes for transport aircraft 
using piston, propjet, and pure 
jet engines. The design approach 
the same all cases; however, 
the brake requirements for jet 
aircraft are more severe both 
certification tests and service 
use. There are many conditions 
that make the test and 
service requirements. 

The jet aircraft quite clean 
aerodynamically and lands 
high speeds, while being required 
use existing air fields. The 
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Figure 
Cutaway wheel and disk brake with Disks (external drive lugs), 
deboost adjuster for Boeing 707 


minimum field length that commercial jet certified 
for based takeoff run, maximum gross weight, 
takeoff speed and then maximum effort 
brake stop. This stop made without use auxiliary 
braking devices such reverse thrust. With the higher 
speeds the jet aircraft combined with the 


short field requirement, the brake must develop high 


torques and decelerations. The common rejected take- 
off (RTO) deceleration was Now, some 
the brake deceleration requirements jets are 
ft/sec’. 

The high deceleration rates are course coupled 
with increased absorption requirements. For in- 
stance, the Lockheed 1049C had RTO 
23,000,000 and the brake fitted into 17.00-20 
main wheel. Using this same size wheel, the Boeing 707 
Intercontinental brake (Figure required absorb 
the two brakes about the same. Comparing Tables 
and the increase requirements for brakes evi- 
dent. 

further condition added the increased use 
the brakes service. During normal service opera- 
tion the piston transport brakes absorbed approxi- 
mately 30% 40% the design normal kinetic 
energy, whereas the jet aircraft brake absorbs 40% 
60% the design normal energy. 

The airframe company engineers added our 
problems specifying torque limits for the brake. 
limiting the static-to-dynamic brake torque 
ratio approximately low peak torque con- 
ditions would result make lighter landing gear 
designs possible. This made the selection the lining 
material more difficult. Summing all the condi- 
tions and adding the requirement conventional 
brake design (Figure 7), are presented with 
very difficult engineering job. 

Brake manufacturers have two basic approaches 
the design the conventional transport brake. One 
approach use full circle the sintered metal 
linings steel core combination with solid 
disk. second approach use full-circle lining 
carrier with segments spots the cupped sintered 
lining material riveted it. This turn used with 
segmented disk. course, mixture these 
features could also used. 


Figure 


lining carrier assembly 
plate with lining wear plates attached 
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TABLE 


Northrop T-38 Trainer 4.4 38.0 28.0 171,500 Metallic 
Douglas DC7C Transport .00-20 10° 153.0 110.0 Metallic 
Lockheed L-188 Transport 13.50-16 16.9 120.0 98.5 171,500 Metallic 
Boeing 707-300 Transport 17.00-20 44.5 210.0 148.0 301 ,000 Metallic 
AVRO CF-105 Fighter 7.7 22.3 65.0 Metallic 

Douglas A3D-2 Bomber 38.0 128.0 297 ,000 Metallic 
NAA A3J Fighter 16.4 55.4 296 ,000 Metallic 


* Wheel and brake weights cannot be separated as wheel bearing carrier and brake piston housing are one part, 


Taking the first approach the heat-sink design, 
that the full-circle sintered lining and solid steel 
disk (Figure 8), have design with minimum 
number pieces. The full-circle carrier, virtue 
sintering the lining directly the core, provides 
additional mass the heat sink. also provides the 
maximum lining area for improved wear and maximum 
torque development. this type design 
feel results the lowest manufacturing, over- 
haul, and maintenance costs. 


The heart the brake the heat sink, which 
made the disks and lining assemblies. Therefore, 
necessity, the brake design starts with the com- 
ponents. have pointed out before that considerable 
development work has been done obtain disk ma- 
terial which will withstand high thermal shock, retain 
its toughness under high temperatures, and have wear 
resistance over wide temperature range. One the 
best disk materials known date the Timken alloy 
1722AS. This material, when properly heat-treated, 
has maximum operating temperature over 2000°F. 


When using 1722AS material multi-disk brake 
design, the disk size and shape, combined with the 
wide operating temperature range, may cause 
distort and shrink. distortion and shrinkage 
the solid disk can brought within acceptable 
limits careful design the slotting pattern 
(Figure 8). 

Requirements for the jet aircraft brakes dictate the 
use metallic linings because the very high heat- 
sink loadings HS) and temperatures. Two 
basic lining compounds are use present day jet 
aircraft brakes. One sintered iron base; the other, 
sintered bronze base. Both these basic materials 
are mixed with various modifiers, such ceramic 
particles, alumina, graphite etc, obtain the specific 
characteristics needed for particular brake design. 
general characteristic, the present sintered iron 
linings operate maximum temperatures approxi- 
mately 1750°F, whereas the sintered bronze limited 
approximately 1500°F. Both these materials, 
normal aircraft brake energies, give approximately the 
same coefficient and wear characteristics. the higher 
conditions, such the rejected takeoff (RTO), the 
sintered bronze materials wear considerably more 
rapidly than the sintered iron base materials. However, 
the sintered bronze material produces very even co- 


November, 1961 


efficient friction and falls closely within the re- 
quired ratio static-to-dynamic torque limits. 
When used the brake design properly, produces 
chatter, thus giving very smooth brake. the 
other hand, the iron base materials until recently 
produced higher static torques; however, they pro- 
duced greater torque variation and chatter during low 
speed braking applications. Iron base material, being 
somewhat harder than the bronze base lining, causes 
some disk wear. Combining the best the presently 
developed lining and disk materials, have been able 
meet the latest torque and kinetic energy require- 
ments. 

Along with the heat sink there are two other major 
components the piston housing and torque 
plate. 
The piston housing assembly (Figure houses the 
actuation system, pressure plate retraction, and the 
brake adjustment features. The housing itself may 
cast forged out magnesium aluminum. 
though each material and method manufacture has 
certain advantages, appears that generally forged 
aluminum will rate first, has very good strength, 
fatigue properties, and corrosion resistance. The other 
components the piston housing assembly, although 
important, will not covered. 

The torque plate (Figure attaches the piston 
housing holds, well backs up, the heat sink 
parts. The stationary parts the heat sink are keyed 
the torque plate. usually made 1722AS steel 
must transfer the torque developed the fric- 
tion components the brake the axle flange. 


Figure 
Piston housing assembly foreground; torque plate with 
heat sink assembled background 
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Figure 
Thermal with silicone ring 
place 


the same time must resist axial force due the 
brake actuation pistons. method weight saving, 
our the brake flange mounting 
bolts, not only fasten the brake the axle flange, 
but also hold the piston housing and torque plate 
together. 

Now that have raised the maximum operating 
temperatures the heat sink, the effect surround- 
ing parts must considered. Service operations can 
and cause more heat problems today than the 
past. 

There are three conditions normal operation 
aircraft which will produce extremely hot brake 
that can lead problems the brake and wheel-tire 
combination. One these rejected takeoff which 
requires high energy absorption and the resultant high 
brake temperatures. second condition where 
moderate stop has been made with the aircraft and 
then taxied over long distance and, from either 
intentional unintentional use, the brakes have been 
dragged for quite period time. The total energy 
absorbed can, many cases, equal exceed the re- 
jected takeoff energy. The third condition would 
come from operations, such pilot training, where 
series landings and full stops are made quick 
succession that each succeeding stop has added 
energy the brake until the total energy absorbed 
equal greater than the rejected takeoff condition. 
The high temperatures produced the brake 
these conditions will, not prevented, dissipated 
conventional fashion the wheel, tire, axle, and piston 
housing. 

Without proper protection this causes leakage 
the seals the brake, destruction the heat treat 
the high tensile axles, and weakening the wheel-tire 
structure. also increases the contained air tempera- 
ture the point where explosive failure the tire 
and wheel may result. Protection needed for the 
components that surround the high temperature heat 
sink the brake. some cases, protect the axles, 
stainless steel shield slightly larger diameter than 
the axle placed between and the brake. This 
effectively keeps the axle temperatures within reason- 
able limits. 
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Figure 

Stainless steel heat shield used 

military main wheel; cutouts are for 
brake drive keyways 


protect the piston hous- 
ing the brake assembly, insu- 
lation attached the ends 
the pistons, annular ring. 
addition, insulating board 
similar shape disk placed 
between the actuation unit and 
the pressure plate the brake. 
These two methods, plus the 
maximum air gap possible, have 
proved satisfactory insulating 
the piston housing from these 
extremely high heat-sink tem- 
peratures. 

The wheel and tire combina- 
tion presents slightly different 
problem. When the wheel and 
tire become dangerous from ex- 
treme abuse the brake equip- 
ment maximum RTO, ther- 
mal plug bolts are used the wheel 
prevent explosive failure. This small bolt filled 
with low melting alloy. least three bolts are usually 
placed above the brake assembly the tubewell area 
the wheel. Depending location, the thermal melt- 
ing material this bolt alloyed for temperatures 
250° 400°F. Melting out this alloy releases the 
tire pressure and prevents explosion the overheated 
wheel and tire. 


For brake designs where normal energies taxi 
conditions will produce problems with the wheel and 
tire, heat shield (Figure 11) used addition 
thermal bolts. This shield usually stainless steel 
stainless steel sandwich, with asbestos filler placed 
between the brake and the tubewell the wheel. 
does very effective job reducing wheel tempera- 
tures due normal in-service conditions. 


MILITARY AIRCRAFT BRAKES 

The brake designer has much freer hand de- 
signing brakes for military aircraft. not limited 
conventional brake designs when more radical de- 
signs are necessary meet the light weight and high 
energy requirements. Long service life, although de- 
sirable, not necessity higher brake weights would 
required obtain it. course, each brake design 
will have meet the specifications the airframe 
company and the military organization buying the 
aircraft. 

One the first considerations for brake design 
the envelope into which the brake package must fit. 
Generally, the size for tire, wheel and brake estab- 
lished this order and, when you consider that the 
trend the smallest possible tire handle the load 
requirement, the result many cases very small 
brake envelope. some cases conventional com- 
mercial-type design can utilized with good success. 
However, other cases, the more expensive design 
must used produce brake that will meet all the 
necessary performance specifications. For current mili- 
tary designs which utilize the conventional approach 
is, course, necessary use the latest the 
sintered lining materials and the best the disk steels. 
The only variation from the commercial approach 
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design would the use 
slightly higher loadings the 
heat-sink parts, with the result- 
ant higher temperatures and 
shortened service life. These con- 
ditions may acceptable be- 
cause the type use high 
performance military aircraft 
sees. brake design typical 
this approach the one used 
Northrop T-38 jet trainer 


New versions current high 
performance military aircraft, 
well new aircraft designs, are 
requiring considerably more 
brake capacity within the al- 
ready existing smaller en- 
velopes. Examples this situa- 
tion are the increased gross 
weight versions the Douglas 
and the recently designed 
North American 

The A3D-2 brake requirements presented in- 
teresting problem. The size well the wheel 
well space was already established. However, the in- 
creased gross weight conditions the aircraft, plus 
other taxi considerations, increased the maximum 
the brake from 21,370,000 38,000,000 Ib. 
The expanding the conventional designed brake, 
used the lighter aircraft handle the much higher 
kinetic energies, was impractical for reasons space 
and wheel temperature problems. Therefore, radical 
new design approach (Figure 13) was used for the 
newer higher gross aircraft. 

The first design consideration was get the heat- 
sink mass outside the wheel contour eliminate high 
temperature wheel problems. This, course, required 
that the actuation system then inside the wheel 
contour. solve this problem, bearing carrier was 
designed which supported two inch wheel bearings 
well housing the actuation and retraction system 
the brake. The stationary heat-sink components 
were keyed steel torque tube which was press 
fitted into the bearing carrier and splined the end 
the axle. backup plate was bolted the end 
the torque tube twelve bolts. This part resisted the 
forces applied the heat sink the actuation piston. 
The wheel used this installation was barrel sec- 
tion. rotated the two large diameter bearings and 
drove the rotating members the heat sink through 
torque ring bolted the outer flange the wheel 

This design approach permitted the use much 
wider disk and carrier faces giving more area per 
face, thus permitting fewer parts produce the 
necessary torque. the brake heat sink mounted 
outside the wheel contour, can operated much 
higher temperatures while having little effect 
upon the wheel tire. The brake heat sink also ex- 
posed this position for the best possible cooling 
from air movement. 

make the most these unusual designs for 
military aircraft, the best high temperature disk and 
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Figure 
Cutaway main wheel and disk brake 
used Northrop T-38 


Figure 
Sectioned drawing main wheel and 
disk brake for Douglas A3D-2P 


lining materials available must used. These materials 
are, basically, the same those used the commercial 
brakes. However, the selection sintered. metal 
lining compound will compromise obtain the 
desired temperature limit, coefficient, and smoothness 
characteristics. Care will also required the disk 
design and slotting obtain stability and reliable 
service life. 

Some side advantages this radical design ap- 
proach are the possibility shorter axles and easier 
heat sink replacement. removing the twelve pres- 
sure plate retaining bolts, the heat sink may changed 
without jacking the aircraft breaking the hydraulic 
lines. This type change can made ten fifteen 
minutes without the requirement special tools. 

The North American A3J wheel and brake equip- 
ment (Figure 14) required the same radical design 
approach the A3D-2 meet the necessary weight 
and envelope requirements. However, had one re- 
quirement more stringent than the A3D-2 that the 
brake had housed completely within the wheel 
contour. Because this, high wheel temperatures 
were experienced and stainless steel heat shield was 
designed and used between the brake and the tubewell 


Cutaway showing disk brake location within wheel; wheel 
and brake assembly for North American A3J 
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Figure 
Sectioned drawing North American A3J disk 
brake heat sink 


the wheel prevent temperature damage the 
wheel and tire. The feature changing the heat sink 
without jacking the aircraft was retained. However, 
improvement was made replacing the twelve bolts 
used the A3D-2 design with one new retainer plate, 
threaded that also served the nut for locking 
the brake heat sink together. 

There were also some new features the heat-sink 
components which improved the over-all brake per- 
formance. most conventional designs the pressure 
plate and wear plate, which are opposite ends 
the heat sink, reflect the deflections the piston 
housing and torque plate. This owing their 
proximity these major components. the case 
the wear plate, usually attached directly the 
torque plate. When high application forces and high 
temperatures cause deflections these major com- 
ponents, uneven loads result across the faces the 
stationary and rotating members the heat sink. This 
produces uneven wear and results lower brake 
torque capability. 

the A3J design, eliminate the effects deflec- 
tion the rotors and stators and insure that they 
are squeezed evenly over the entire braking surface, 
two rigid cast plates are used each end the heat 
sink (Figure 15). The plate the side the 
heat sink assures that the piston force distributed 
evenly over the braking surface. the other end 
the heat stack, the axial loads are transmitted through 
the back plate its center point the retainer nut. 
The attachment the back plate the retainer nut 
allows float straight when the brake pressure 
applied. Therefore, any deflection limited the 
retainer nut and does not affect the heat-sink com- 
obtain the maximum torque and wear from the brake. 

brake, very similar the A3J unit, was designed 
for the Mark version the Avro CF-105. using 
this new approach, the wheel and brake fit into the 
existing space available the aircraft wing. The 
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maxmium brake energy requirement for the Mark 
version was nearly double the maximum kinetic energy 
required for the earlier aircraft. However, the new 
wheel and brake design was only heavier than the 
original equipment. This just one several examples 
the effectiveness this type design where maxi- 
mum brake performance required. should re- 
membered that designs this nature usually require 
special materials and intricate manufacturing methods, 
which tend make the equipment more expensive. 


FUTURE BRAKE EQUIPMENT 

The latest aircraft designs are continuing the trend 
require higher torques, higher capacities, lighter 
weights, and smaller sizes for future brake equipment. 
With these requirements facing the brake manufac- 
turers, are constantly investigating methods for 
improving current designs unusual approaches, 
exotic materials, entirely new concepts brake 
design. 

The present heat-sink now being 
operated about their maximum limits; therefore, 
would logical investigate other materials that 
might possible replacements for them. Several 
exotic materials are being investigated for use brake 
components. date none the materials investi- 
gated hold much promise for general brake use. Be- 
cause this must work design approaches for 
improving the current heat-sink brakes, developing 
new braking concepts. 
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Figure 


Cutaway wheel, axle and brake assembly 


Advance design 

unique design approach being used for 
the wheel and brake equipment for future high- 
performance aircraft (Figure 16). this approach the 
landing gear, brakes and wheels are designed 
integrated unit. The end the bogie beam designed 
house brake capsule, well being support for 
the main wheels. The brake capsule mounted be- 
tween the wheels which removes from the critical 
wheel and tire area, that the generated brake heat 
will have little effect these components. Figure 
shows cutaway the design and you can see the 
brake capsule bolted three locations the bogie 
beam. Through these connections the torque from the 
stationary brake parts transmitted the gear the 
aircraft. torque tube splined both wheels and 
the rotating members the brake capsule, and 
transmits the torque from them the wheels, tires 
and ground. interesting feature that requires 
removal only three bolts and the torque tube 
remove the brake assembly from the landing gear 
system. This can all done without requiring the 
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Figure 
Wheel, brake and axle assembly showing removal 
brake heat-sink cartridge 


aircraft jacked. This design also permits the 
wheels removed from the aircraft without affect- 
ing the brake unit any way. 


design this type brake, something other 
than the normal rubber seals necessary. make this 
brake function properly, special very high tempera- 
ture all-metal seals are used and tests indicate that 
they are most successful. 


Another side feature this type design that 
several brake cartridges could designed 
utilized under special service conditions (Figure 17). 
this way each type military mission com- 
mercial operator could select the brake cartridge that 
most nearly fitted his needs. five ten years this 
brake design may quite common many the 
high performance aircraft. 


Auxiliary brake cooling 

Other avenues are being investigated increase 
the capacity and life the conventional brake designs. 
They are essentially auxiliary units for cooling the 
brake assembly during after the brake heat has been 
developed. 

One the first auxiliary systems tried was the use 
water spray. This spray was applied directly the 
heat-sink members during the brake stop. provides 
approximately increase the capacity the 
brake; however, there problem increased cost 
and weight due the piping system which has pre- 
vented its use. However, further 
development along this line may 
produce serviceable design. 


Another recent approach 
auxiliary cooling methods for 
conventional brakes being 
studied. This the use high 
volume air directed over the 
brake assembly during stop, 
and the taxi and parking that fol- 
lows. This volume cooling air 
may provided the use 
motor-driven fan mounted 
the axle the area the wheel 
and brake. Another method 
would duct bleed air from 
the jet engine that passes 
over the brake assembly. These 
methods brake cooling not 
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Cutaway drawing liquid-cooled 
brake system installed four-wheel 
truck landing gear 


second brake stop. However, they may effective 
reducing peak heat-sink temperatures and shorten- 
ing the brake cooling. This may benefit the newer 
commercial jet aircraft reducing ground time for 
cooling heat-sink brakes. The amount benefit from 
this type cooling must evaluated terms the 
cost and complexity the additional equipment 
needed. 


New braking concept 

entirely different approach the problem 
increasing brake capacities, extending their service life 
and, generally, removing the brake heat problem from 
the wheel area has been accomplished the 
Goodrich liquid-cooled brake system. There 
fundamental difference between this system and con- 
ventional brakes. takes the idea auxiliary cooling 
disk brake one step further that removing 
the heat from the brake area and dissipating almost 
immediately distant point. The components this 
system are interdependent and, therefore, 
thought only system and not just liquid- 
cooled disk brake. 

The liquid-cooled brake system made 
conventional-appearing disk brake, 
heat exchanger, expansion chamber, circulation pumps, 
and transfer valve (Figure 18). The concept this 
system remove the heat generated the friction 
surfaces fluid and dissipate some point ex- 
ternal the brake itself. The primary system, which 
enclosed pressurized fluid, pumped between 
the brake housing and the heat exchanger. This low- 
freezing point fluid carries the heat generated the 
brake the exchanger, where the heat transferred 
secondary fluid, which then heated and 
boiled off during high-energy stops. 

The function the brake this system gen- 
erate heat friction and develop the torque necessary 
stop the aircraft (Figure 19). The brake can 
either single- double-rotor unit; however, single 
rotor will used example for ease explana- 
tion. Both the large annular piston and the back plate 
the housing are faced with copper. Behind these 
copper faces circulates the primary fluid. The rotor 


PREBTURE PLATE 
Figure 
Cutaway drawing liquid-cooled 
brake 


339 


MOUNTING PIN 
AXLE BEAM 
BRAKE 
| 9 @ fA \ 
. 
| 


light metal and has soft organic lining bonded 
it. possible use this lining material the inter- 
face temperatures the brake operate normally 
300°F and, even the worst conditions, rarely ex- 
ceed 400° 500°F. Also, the soft organic material 
needed the copper faces the circulating chambers 
would not resist the wear abrasive lining ma- 
terial. The primary circulating fluid glycol-water 
mixture withstand low temperatures without freez- 
ing, well provide fluid high specific heat. 
The large annular piston actuated separate fluid 
system, which glycol-water, avoid problems 
fluids intermixing resulting from seal link. 

The hot fluid the primary system pumped 
from the brake into the liquid-to-liquid heat exchanger 
where cooled and then returned and through 
the brake. The secondary fluid the heat exchanger, 
when being raised temperature and boiled off, dis- 
sipates the heat generated the brake. The number 
repetitive brake stops the highest input from 
RTO governs the amount the secondary fluid 
carried. course, the quantity secondary fluid 
usually based the condition which the maximum 
generated any one stop, the ease refilling 
this secondary fluid makes impractical carry addi- 
tional fluid. The secondary fluid pure water and 
not add glycol other such materials prevent 
from freezing. many tests run date freezing 
the secondary fluid does not any way affect the 
structure the heat exchanger, and merely adds 
the thermal capacity the brake system. 


High flow rates are necessary make this brake 
perform well under extremely high energy conditions. 
obtain the flow the primary fluid, wheel-driven 
pumps are mounted the brake assembly. The pumps 
are driven ring gear attached the wheel. This 
function the square the speed the aircraft. 
Therefore, the higher speeds, when the highest 
input the brakes experienced, the pumps are 
working their top flow. Present designs the 
liquid-cooled brake system require peak pump out- 
put 200 gpm. 

course, handle the expansion the primary 
fluid under increased temperature expansion tank 
put this closed system. This tank pressurized 
approximately psi that cavitation the pumps 
prevented. 

The brake actuated large annular ring and 
low actuation pressures are required. most aircraft 
systems are approximately 3000 psi, deboost valve 
the hydraulic system necessary. use transfer 
valve which not only deboosts the system pressure 
factor approximately but the same time 
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used separate the aircraft hydraulic fluid system 
from the brake glycol-water actuation system. 
doing this, eliminate any the inflammable fluids 
the wheel and brake area. This same unit acts 
lockout for line seal failures downstream. 

The liquid-cooled brake system more complex 
than the conventional disk brake equipment. Being 
comparable weight-wise with conventional brakes, 
feel that its exceedingly long service life, indicated 
current in-service tests, will more than compensate for 
its higher initial cost. Along with this, removes some 
the current problems that exist with conventional 
heat-sink brakes. The most important these re- 
moving extremely high temperatures from the wheel 
cavity which can cause, times, complete destruction 
the heat-sink brake and explosive failures tire 
and wheel assembly. also removes the danger 
brake fires due hydraulic fluid leaks. 


Current service tests this equipment include ap- 
proximately years twin-engine test airplane, 
used the USAF, which the brake was run 
months without maintenance. After overhaul and cor- 
rection for some ‘corrosion the system, was re- 
installed and has been running since that time. 
comparison, the conventional brakes designed for that 
aircraft last approximately month between complete 
overhauls. 

The second installation has been the prototype 
jet transport for over years. Its use this air- 
craft eliminated the long delays between runs for 
engine and other ground-handling tests where, when 
heavy braking required the disk-type heat-sink 
run can made. With the use the liquid-cooled 
brake system, there may only min delay be- 
tween each test run and this used primarily 
precautionary step for checking the secondary fluid 
the brake and refilling when necessary. 


CONCLUSION 

have very briefly covered the design past, 
present and future aircraft brake equipment. keep 
pace with the rapidly advancing aircraft industry, the 
wheel and brake manufacturers have had explore 
and develop materials their fullest meet the ever 
increasing requirements for higher kinetic energies 
and torques, while producing brake equipment the 
lightest and most compact form. New design ap- 
proaches are necessary further improve brake de- 
signs have reached the limits some the 
available materials. 

The future designs and should im- 
prove the brake equipment meet the more stringent 
demands for the newer higher performance aircraft. 
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BOOKS 


Elements Flight Propulsion. Foa. John Wiley 
Sons, Inc., New York, 1960. 445 pages. Illus. $12.50. 

This text starts with review the basic concepts 
thermodynamics and compressible flow and, after 
excellent chapter “Changes the Frame Refer- 
ence”, the author introduces the subject non-steady 
flow. About half the remainder the book enlarges upon 
this subject. number practical examples, such the 
wave engines, pulsejets and pressure exchangers, are ex- 
plained and used fix the non-steady flow concepts 
the reader’s mind. this respect the book one the 
best the subject non-steady flow which this re- 
viewer has seen. will useful addition the library 
anyone with interest this subject, even though 
may not share the author’s optimism with regard 
the practical application non-steady flow power- 
plants view the problems off-design operation 
and mechanical design. 


The coverage the more conventional material 
thermodynamics and steady flow clear and concise. The 
price asked for this publication considerably high for 
the technical value the data contained therein. 


Fatigue Testing and Analysis Results. 
Pergamon Press, New York, 1961. 305 pages. Illus. $15.00. 

glance this book’s bibliography will convince the 
reader should need convincing that Mr. Weibull 
authority the subject fatigue. Therefore 
additional comment appears warranted about this well 
known gentleman. 


When designing fatigue test program, one the 
problems that collecting much data the specific 
subject possible, that the chances are small 
duplicating similar work. Several professional bodies pub- 
lish bibliographies fatigue which help this respect. 
Mr. Weibull’s book will now also contribute the supply 
references needed almost every aspect fatigue. 
Although the book primarily reference book, chap- 
ters “Presentation Results” and “Analysis 
Results” respectively, are very useful for direct applica- 
tion. However, while the book excellent publication, 
likely more useful the research worker than 
the average aircraft engineer. For example, the reader will 
want above average knowledge statistics appre- 
ciate chapter 


Chapter presents the symbols and nomenclature used 
throughout the book. general, the proposals ASTM 
Committee Fatigue have been used. Chapter 
“Fatigue Testing Methods”, presents nearly every type 
test method currently use. Short-life tests, long-life 
tests, cumulative damage tests and service-simulating tests, 
are among the methods discussed. Chapter “Fatigue 
Testing Machines and Equipment”, most exhaustive 
collection data. addition the usual testing ma- 
chines for repeated bending, combined bending and ten- 
sion etc, interesting note section calibration 


and checking testing machines, this aspect fatigue 


work being the utmost importance. Chapter “Instru- 
ments Measuring Devices”, presents all the instruments 
specifically required for conducting fatigue experiments. 
Such methods ultrasonics, X-Ray and electrical-resist- 
ance are discussed. Chapter “Test Pieces: Design, Pre- 
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paration, Measurement Protection”, extremely useful 
much that some detailed information given for 
the design test pieces. All types test pieces are 
considered from the simple notched bar complete 
structure. Chapter “Factors Affecting Test Results”, 
should very useful when setting test program, 
will help deciding the important variables. 
Chapter “Planning Test Programs”, too 
and far too short. The planning fatigue experiment 
very difficult, yet necessary, part program one 
get the most from the available funds and, therefore, 
several examples showing the statistical implication would 
have been most useful. The use the Latin square for 
these examples would have shown the practising engineer 
just what procedures were required. (Figures 73.1 and 74.1 
mentioned the text not appear the book.) 
Chapter “Presentation Results”, excellent chap- 
ter, containing not only references but also actual details 
and examples. After reading this chapter, one should have 
clear idea how present test results, especially 
statistical manner. Chapter “Analysis Results”, 
again excellent chapter providing the reader has 
above average knowledge statistics. The research 
worker will find this chapter extremely useful, but the 
aircraft test engineer will find very difficult reading. 

Concluding, can stated that Mr. Weibull’s book 
most excellent reference source which will probably 
more use the research worker than the average 
aircraft engineer. 


Rocket Development: Diary the Space Age Pioneer. 
Prentice-Hall, New Jersey, 1960. 222 pages. 
Illus. $2.45. 

Robert Goddard held the American father 
rocketry and certainly deserves full credit for his 
lifelong devotion his work. The major tragedy however 
was that his many successful endeavours were not recog- 
nized his country the vision the many pioneers 
was, consequence, first achieved another power 
which was willing support its enthusiastic engineers 
and scientists. 

retrospect most surprising that any nation 
could make the same mistake twice and yet with the 
defeat the Nazi forces 1945 complacency was the 
order the day, and both Goddard and the German 
scientists were forgotten until once more was almost 
too late. The lesson learnt obvious and 
therefore disappointing find that, glamorising God- 
dard, this book made attempt probe into the failure 
free enterprise society take deep interest 
technological and scientific advances. 

The chronological record Goddard’s laboratory 
work interesting shows him prolific in- 
ventor possessing uncanny engineering insight. His prob- 
lems are faced terms hardware and 
struggles with the liquid oxygen and gasoline which 


his rockets weak link his work becomes ap- 


parent. This the lack facilities for fundamental 
scientific studies propellants and combustion pheno- 
mena. Many his troubles would have disappeared 
had used self igniting propellants; his determination 
make the rather fickle LOX/gasoline combination func- 
tion may have delayed recognition his work. His choice 
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even continued influence subsequent American workers 
and only relatively recently that one reads that the 
use more attractive propellant systems being actively 

This book primarily for the student and collector 
since cannot said more than introduction 
followed Goddard’s condensed personal notes. The 
price certainly not excessive and people working the 
field applied science should certainly read it. demon- 
strates that recognition one’s endeavours often slow 
and also that more than the hardware aspect should 
considered when development problems arise. 


Aeronautics and Astronautics American Chronology 
Science and Technology the Exploration Space 
National Aeronautics and Space Administration, 1961. 240 pages. 
$1.75. 

his preface the author says “Some readers may 
criticize the selection events. They may also un- 
appreciative the fact that calendar-located events are 
not all equal historical significance and not neces- 
sarily appear sequential order”. They may indeed. 

This book curious hotch-potch information. 
significance all “the Science and Technology 
the Exploration Space”. the latter category 
would include “January (1940): Maj. James Doo- 
little elected president the (such Presidential 
elections are not recorded matter course) and 
“During December (1954); “Man Space” produced 
Walt Disney”. one glances through the main portion 
the book one constantly struck such trivialities 
and only restrained from exploding the ad- 
mission that some readers may criticize the selection 
events. 


The book also has misleading habit giving names 
aircraft types before such names were introduced. For 
example the item 1938 “October 19: Curtiss XP-40 
Tomahawk made first flight” the name Tomahawk was 
not given the P-40 until 1940. This occurs several 
instances; some device such “(later called Tomahawk)” 
would have been better. 


Though this claims American Chronology, 
includes many items significance referring non- 
American events and developments the whole, with 
admirable accuracy far know. But again the selec- 
tion odd. The development the Mosquito receives 
three mentions; the Spitfire one; the Hurricane two, the 
Wellington one; and the Lancaster none all. Five re- 
ferences are made Canada, principally its capacity 
site for U.S. balloon and rocket launchings. 
British-U.S.A. dealings the early part the war effort, 
where one might legitimately expect accurate detail, one 
finds, 1938, the British Purchasing Commission (not 
existence that time) ordering 200 Hudsons Decem- 
ber; the first Hudson order was certainly placed June 
early July that year. Moreover feel that 
scarcely fair the Harvard claim the Hudson “the 
first American-built aircraft see operational service 
with the R.A.F. World War II”; the Harvards were 
service (perhaps not combat but certainly operational) 
before the Hudsons and were, incidentally, far more 
significant aeroplane. 


The work includes Appendices, tabulating 
and Space Probes, World Records, Balloon 
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Honors and Awards, and Membership NACA. These 
are useful but the Appendix World Records deliber- 
ately makes some astonishing omissions. excluding 
“seaplane records discontinued categories” excludes 
the Supermarine and and the Gloster from the 
table “Maximum Speed over Straightaway Course” 
just because they had floats instead wheels, suppose. 

noticed few typographical errors; for example, 
Moreton Valenee page should surely Moreton 
Valence. 


The way the historian hard, for always open 
criticism his selection events. But must 
100% accurate what does record and, for this reason, 
though this work contains wealth information, 
distrust and must therefore condemn basic 
reference. would have been much better had been 
less ambitious and had confined itself the American 
scene. 


Progress Combustion Science and Technology. Edited 


New York, 1960. 226 pages. Illus. $10.00. 


This the first volume series published an- 
nually covering propulsion and combustion related 
aeronautics. Each book will contain review articles 
fields which recent advances have been made. Special- 
ists will survey their fields and critically review the recent 
advances. attempt being made standardize nomen- 
clatures, viewpoint tie the articles together any way, 
they must reviewed separately. 

Flow Visualization Techniques, Winter, Eng- 
lish Shell, makes case for water testing simulate the 
unlit combustor after similarity criteria are given. Then 
measurements and visualization operating combustion 
chambers are reviewed briefly. The main report con- 
cerned with air and water testing obtain the large scale 
combustor flow patterns and well illustrated. This first 
paper model for the intentions the book ex- 
cellent general survey with very detailed references, fol- 
lowed good and complete summary some the 
latest work. 


Chemical Analysis Combustion Chamber Develop- 
ment, Toone, Rolls-Royce, starts with brief but 
useful review the main chemical reactions and the 
available techniques for analysing over-all gas composi- 
tion. Some Rolls-Royce work detailed gas composition 
one their combustors given. This last part 
streamlined presentation the author’s 1958 paper the 
Seventh Combustion Symposium. modest list refer- 
ences concludes this excellent survey paper. 


Aerodynamic Influence Flame Stability, 
Herbert, NGTE, large and detailed continuation 
the author’s 1957 AGARD paper. Stability and efficiency 
for simple recirculating cans with premixed fuel and air 
are collated. The parameter shows that chemical reaction 
(oxidation) time limiting factor the low test pres- 
sures involved. survey stability work flame behind 
variety baffles shows, for lean fuel-air mixtures, 


(Velocity 


(dia 
coefficient. The inclusion unpublished material and 
extensive bibliography will make this paper extra in- 
terest other researchers. Unfortunately, the more gen- 
eral reader will find that assumed completely 
familiar with the author’s earlier paper. 


criterion which simple function drag 
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(Geon ic-Optical Techniques Combustion Re- 
search, Weinberg, Imperial College, London, 
summary of, forthcoming book. The author examines 
combustion “measurements dependent light-deflection 
(hence geometric-optical) and involving schlieren 
shadowgraph techniques. The paper very well illus- 
trated figures and photographs. primary 
importance and interest those working fundamental 
combustion studies flame fronts, droplet burning etc. 
For lack space the author has had assume “the entire 
background the optics and combustion theory in- 
volved”. result anybody not actively engaged 
using optical techniques for fundamental combustion re- 
search may well find this paper indigestible. very large 
list references included. 

Flame Quenching, Potter, NASA Lewis, 
brief historical survey, followed critical review 
four standard test methods. The simplest and apparently 
best method check for flash-back after cutting off 
the fuel flow established flame. The assumptions 
used and final equations obtained existing theories 
quenching distance are covered quickly. critical com- 
parison these theories with experimental results does 
not show any one best theory; ambiguous test results are 
blamed for this. Experimental results are given showing 
the effects quenching distance fuel concentration, 
operating pressure, inlet temperature, wall shapes etc. 
Pressure gradient causing flow through the quenching 
holes has profound but still undetermined effect. This 
data practical importance for designing flame ar- 
resters and for checking interconnectors multi-can en- 
gines. large bibliography completes paper that 
model clear survey rather limited field. 

Ignition Liquid Propellant Rocket Engines, 
Fletcher and Morrell, Minnesota. Ignition delay 
prime importance rocket engines. simplified 
theory developed show that delays greater than 
milliseconds will cause the combustion chamber ex- 
ceed its operating pressure, unless the fuel throttled 
prior ignition. Test results fuels (hyper- 
golic) are critically reviewed, the published data being 
largely for amine type fuels with nitric acid the oxidant. 
Research fuels which are not self-igniting, typically hydro- 
carbons and oxygen, are surveyed according the 
ignition method used: hot surface, flames, hot gases and 
spark. Finally application the test data rocket design 
discussed. The test data are discussed critically but not 
presented, only referenced. Thus the review guided 
tour the extensive list references. does not sum- 
marize the data nor present even part. well written 
survey, but cannot used designers without ob- 
taining the references. 


The idea collecting up-to-the-minute survey reviews 
leading authorities annual book excellent. 
this first volume some the reviews are marred omis- 
sion test data background information necessary for 
complete understanding. However the combustion de- 
signer will find one more articles interest and profit, 
while the research engineer will value them all. The book 
heartly welcomed and recommended. 


lan Co. Canada Ltd., Toronto, 1961. 231 pages. Illus. $8.50. 
This the second edition slim volume 
eminent experimental researcher the physical aspects 
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fluid dynamics and related acoustics. The revision was 
completed shortly before his recent death. The most strik- 
ing feature the breadth and variety the topics 
covered; the short table contents hardly gives the pic- 
ture: (1) Introduction: The Fluid State; (2) Classical 
Approach; (3) Fluids Small Viscosity; (4) The Flow 
Compressible Fluids; (5) Hypersonic Flow; (6) Aero- 
dynamic Noise; (7) Fluids with Temperature Gradient; 
(8) Liquid having Free Surface; (9) Behaviour Par- 
ticles Suspension Stream; (10) Fluids showing 
Anomalous Viscosity: Suspensions; (11) Elastic Liquids; 
(12) Magnetohydrodynamics. 


The following specific subjects the full list many 
times long caught the eye for one reason 
another: kinetic theory, experimental Stokes flow, 
vortex street (and sound generation), periodic 
boundary layers, acoustic streaming, statistical aspects 
turbulence, two-point correlations and their measurement, 
meteorological considerations, jet noise, edge tones, bound- 
ary layer noise, instability fluid heated from below, 
hot-wire anemometer and various applications, waves 
free surface, wave-making wind, impact liquids 


.and sounds produced thereby, cavitation, break-up and 


drop formation liquid jets, formation sand dunes 
and ripples, erosion, streaming birefringence, flow 
emulsions, dynamics sols and gels, boundary layer 

The compression into 222 pages plus index gives the 
book somewhat the character lengthy review; 
too condensed text. review reflects the 
manifold interests Prof. Richardson, himself im- 
portant experimental contributor for more than three de- 
cades. The book unusual citing the original papers 
the great contributors, e.g. Euler, Navier, Stokes, 
Oseen, Reynolds, Rayleigh, Helmholtz, Taylor, 
Karman etc. With this emphasis the classical contribu- 
cover modern contributions and experimental techniques. 

The point view that the experimentalist 
throughout. The theoretical discussion sometimes illu- 
minating, sometimes puzzling, because telescopic. 
The author often presents results without derivation. 
other times starts from first principles, supplementing 
the mathematics with physical arguments, but these are 
frequently oversimplified. Loose statements have been 
found the reviewer his own fields specialization. 
the whole, therefore, the explanatory exposition 
concluded valuable introduction but not 
authoritative. 


Some errors and misprints have been noted. For ex- 
ample, and have apparently been interchanged the 
next last line, 129, and the equation contains several 
misprints. Also the magnetohydrodynamic flow 
Hartman, 21-221, the magnetic field should have been 
taken normal the wide walls, that is, parallel rather 
than the emf and current are parallel the 
axis, but refer fluid layer depth 

the limitations are borne mind, this small volume 
commends itself survey ranging beyond the usual 
scope books fluid dynamics. The coverage might 
characterized conventional fluid dynamics with 
physics flavour, blended with meteorology, rheology, and 
acoustics. 
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SECRETARY’S LETTER 


THE INSTITUTE’S NAME 


SECOND ballot the question the Institute’s name 
was held between the and 20th October. The first 
ballot, held July, indicated that there was substantial 
support for the Council’s recommendation that the name 
should changed, though the majority that occasion 
just failed reach the ratio required the By- 
laws; that ballot also indicated marked preference for 
“Aeronautics and Space”, rather than “Aerospace”. 

The Council, and the Planning Committee before them, 
had devoted much thought and debate this question and 
felt strongly that change was vitally necessary the 
Institute’s future. explained letter the 
September issue, the existing name undoubtedly creates 
false image” the public being what and 
this rapidly becoming serious handicap. The situation 
had corrected quickly possible. 

Feeling that had the support the majority, the 
Council decided the membership again, this time 
with the more specific proposal that the name should 
changed the “Canadian Aeronautics and Space Insti- 
tute”. This proposal has been carried the scrutineers’ 
report appears the Announcements. will now 
necessary translate this into the verbiage the Bylaws 
and hold yet third ballot the formal Amendment. 
then remains for the result submitted the Secre- 
tary State for approval. will many months yet 
before can begin use the new name officially, but 
can begin take some preliminary steps. 


THE CREST 


The change name will not entail any substantial 
change our crest. The Council has decided retain the 
three geese and the maple leaf light blue field. How- 
ever, the name circumscribing the emblem will have 
altered and, making this change, the opportunity will 
taken reverse the present arrangement colours; 
shall have silver lettering dark blue field, the 
full colour version, white lettering black, the 
ordinary black and white reproduction. 


The President’s Badge has always been “wrong” this 
respect and, during the last two years, has the IAS 
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rendering our crest the green-and-yellow Notices 
the IAS/CAI Meeting, which they have kindly 
printed for us. But, wrong not, the dark ring looks 
much better than the official arrangement and, incident- 
ally, will add little symbolism, depicting the outer 
darkness surrounding the light blue sky. 

will prolonged business, changing all our letter- 
head, banners and other possessions and shall have 
degrees, stocks run out and feel can 
afford it. The President’s Badge will not changed but 
will retain the old name graceful anachronism. 
least its colours will “right” now! 


MEETING AND THE ASTRONAUTICS 
SYMPOSIUM 

The IAS/CAI Meeting was held Ottawa the 23rd 
and 24th October; its entire programme was devoted 
Aviation the Polar Regions. the Thursday and Fri- 
day the same week, the Astronautics Section joined 
with the Canadian Astronautical Society and the David 
Dunlap Observatory and the Institute Aerophysics, 
both the University Toronto, Symposium 
Toronto the subject Interplanetary Explorations. 
will report these two meetings next month, when 
shall able see them better perspective than can 
now. 


CANADIAN ASTRONAUTICAL SOCIETY 

the abovementioned Symposium, our co-sponsor, 
the Canadian Astronautical Society, announced its inten- 
tion dissolve separate society and merge its 
administration and activities with our own. Its decision 
stems directly from our election change our name, 
express, without any question quibble, our concern 
with space; and significant step forward. 

The CAS was founded late 1957, about the same 
time our Astronautics Section; both owed their birth 
Sputnik and the interest that that event inspired. The 
majority its members the order 200 have 
lived and around Toronto, although has had quite 
few members spread across Canada. has been ably and 
energetically led and has done good work the promo- 
tion interest the space sciences. Many will remember 
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its CHARM Project Canadian High Altitude Research 
Missile which, although never fired, achieved its in- 
tended purpose providing development activity for 
CAS members; the fact that this ambitious piece ex- 
perimental work was ever started indicative the 
enthusiasm that lay behind it. 

But the CAS has been another society and the Cana- 
dian aerospace fraternity the number available 
speakers for that matter not big enough support 
effectively multiplicity technical societies with broadly 
overlapping interests. The CAS, the Astronautics Section 


.and the Toronto Branch have got along quite well far, 


only because they have been sensible enough cooperate 
rather than squabble and hold joint meetings rather 
than conflicting ones; but made very little sense. 

Negotiations with the CAS have been going inter- 
mittently for years. the course these discussions 
have been privileged see the CAS membership lists 
and grading and found that almost all its members 
were perfectly well qualified for membership the In- 
stitute; which made all the more exasperating that 
appeared unable establish any common ground. 
seems that the fact that have elected change our 
name though the Council’s recommendation was made 
for much wider reasons has convinced the CAS that 
are not exclusively air-breathing and this has last de- 
cided the Society throw its lot with us. 

Those the CAS members who wish transfer 
the Institute will benefit from the wider and more con- 
sistent services which our larger organization 
manent Headquarters can provide. We, and particularly 
our Toronto Branch, will benefit from the removal this 
competition “competition” much too strong word; 
more matter confusion the minds the public 
and would-be members, conflict programme activities 
etc. 


BRANCHES 
Quebec—29th September 

Sixteen members the Quebec Branch travelled 
Montreal the 29th September and visited the Canadair 
plant. They were flown there and back Canadair and 
spent the day touring the plant and witnessing demonstra- 
tions the CL-44 swing-tail and the CF-104. was 
very successful outing and our thanks are due Canadair 
for their help and hospitality. 


Montreal—20th September 

Unfortunately the speaker arranged for the Montreal 
Branch September meeting was unable come due 
illness. However the members who had turned were 
not sent empty away; two films were shown, the DC-8 
Flight Simulator and Nordair’s Arctic Operations from 
Yellowknife. 


Halifax-Dartmouth—20th September 

The Halifax-Dartmouth Branch met the RCAF 
Officers’ Mess, Anderson Square, the 20th September. 
The meeting was devoted the discussion Branch 
business, followed showing the film “Salute 
Flight”. There were members present. 
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Ottawa—20th September 

The Ottawa Branch was particularly honoured 
visit Mr. Enea Bossi its meeting the 20th Sep- 
tember. Mr. Bossi took part panel discussion Man- 
powered Flight. The Chairman the Panel was Dr. 
Whillans, and Mr. Czerwinski, Mr. 
Templin and myself were its other members. The 
discussion ranged rather generally over the field and the 
members attending joined in, and showed great deal 
interest this rather unusual subject. was very 
good meeting this respect. 


Toronto—27th September and 10th October 

the 27th September the Toronto Branch was ad- 
dressed Prof. Ribner the Institute Aero- 
physics, “How Jets Make Noise”. The meeting was 
held Havilland and there were present. 

Mr. Lukasiewicz, Chief the von Karman Gas Dy- 
namics Facility, ARO, Inc. spoke the Branch the 
10th October. His subject was “Hypervelocity Testing 
Techniques AEDC”. The attendance was disap- 
pointingly small. Mr. Lukasiewicz was formerly with the 
NRC Ottawa and was member the group that laid 
the groundwork for the formation the CAI 1953. 


October 

had happened Montreal September, the speaker 
for the 11th October meeting the Edmonton Branch 
was unable come the last moment. However very 
good substitute was found the person Mr. Wilson, 
Chief Forecaster the Combined DOT/US Arctic Fore- 
cast Team, who spoke “Arctic Weather Data Gather- 
ing Processes and the Effect Topography Surface 
Winds”. There were people present and Mr. Hegstrom, 
the Branch Secretary, reports that was successful 
meeting and that Mr. Wilson was extremely interesting. 


Calgary—12th October 

Mr. Smolkowski the SAIT, who won the 
Calgary Branch Student Award last spring, presented his 
prize-winning paper the Branch the 12th October 
the RCAF Officers’ Mess, Lincoln Park. There were 
present. His paper was entitled “Drag Com- 
ponents”; this was followed short film the JATO 
installation the Canso. 


will seen from these reports, the Branches are 
getting into their stride. Theirs the most important part 
the Institute’s work and gratifying know, 
do, that the Branch Programmes Committees seem have 
been unusually vigorous laying their plans for this 
season. Only lack detail some instances prevents 
from listing more their proposed meetings under our 
heading “Coming Events” the Announcements; such 
listing without detail rather pointless. But, from what 


know, things look promising. 
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ANNOUNCEMENTS 


NEWS MEMBERS 


A/M Curtis, Hon. was installed the first 
Chancellor York University, Toronto, the 19th 
October. 


Orr, has been appointed head the new 
Directorate Industrial Research, addition his 
present responsibilities Director Engineering Re- 
search, DRB. 


G/C MacLure, has returned Canada 
from Poland and now located the Pacific Naval 
Laboratories, DRB, Esquimalt, B.C. 


S/L Henry, who was recently posted 
Wright-Patterson AFB, has assumed the duties As- 
sistant Glider Project Engineer the Dyna-Soar De- 
velopment Integration Office. 


Smith, Vice-President Computing De- 
vices Canada Ltd., was recently appointed the 
EIA Hoc Committee Research and Develop- 
ment. 


Tynan-Byrd, now attached the Schill- 
ing AFB working the Atlas series Missile Activa- 
tion programme. 


Farrington, Associate, has left Bristol Aero-Industries 
Ltd., Montreal Div., manage International Aero 
Sales Company Montreal. 


ADMISSIONS 


The following list admissions and advancement 
grade members during the month October 1961. 


Associate Fellow 


Fowler 
Potocki (from Member) 


Member 


Bamford 

Baker (from Technical Member) 
Dogherty 

Finney (from Technical Member) 
Grayson (from Technical Member) 
Hale (from Technical Member) 
W/C Hemsley 

Hughes 

Insley 

Mossman 

Timms (from Technical Member) 
Vanderpol 


Technical Member 
Baker (from Junior Member) 
F/O Feir (from Student) 
Middlebrough 
Roberts 
F/O Vieni (from Student) 


Junior Member 


Anderson (from Student) 
Arnold (from Student) 
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Couser (from Student) 
Hancox (from Student) 
Kiehlbauch (from Student) 
Partica (from Student) 


Student 


Lyster 
Reynolds 


Associate 


Tate 


SUSTAINING MEMBERS 


Havilland Aircraft Canada Ltd. started flight test- 
ing the T.64-4 turboprop engine installation the Caribou 
September. The programme being conducted jointly 
General Electric and Havilland, under the joint 
sponsorship the USN and the DDP, and expected 
completed early next year. 


The Caribou with T.64-4 engines installed 


The Caribou was chosen the test-bed because 
offered such wide range characteristics suitable for 
testing the new engine. The basic aircraft use the 
original prototype the Caribou with modifica- 
tions the airframe other than the area the nacelles. 
Havilland designed high efficiency intake duct which 
proving successful. 

Though the current programme essentially directed 
towards the flight testing the engine, Havilland 
studying Caribou design based using the T.64 power- 


plant. 


Computing Devices Canada Ltd. are currently com- 
pleting Phase the construction Aerophysics Re- 
search Laboratory, Stittsville, Ontario, which will 
the first such privately owned facility its kind North 
America. The new Laboratory will equipped con- 
duct basic research the following fields: 


Impact and Penetration 

Basic studies the physics hypervelocity impact 
investigations the new phenomena impact radiation. 
Winged Stability 


The execution atmospheric, controlled atmosphere 
and vacuum range tests the stability and control char- 
acteristics advanced re-entry vehicles speeds between 
Mach and 20. 
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CDC’s double chamber light gas gun 


Plasma Radiation and 


The use high-g telemetry study the effects 
plasma the transmission characteristics manned and 
un-manned vehicles during the re-entry phase the flight 
spectrum. 


High-g Telemetry 

The development packaging techniques and instru- 
mentation sensor and transducer equipment provide 
more extensive in-flight model data and advance the 
general design knowledge the field extreme accelera- 
tion survival electronics. Present packages survive and 
operate successfully after launch accelerations the range 

addition using gun launchers with current capa- 
bilities planned continue the development more 
advanced test methods for achieving better simulation and 
higher test speeds. 

Initial launching equipment fitted CDC’s Aero- 
physics Laboratory consists number inch smooth- 
bore guns which, with solid propellant charges, will 
permit tests various projectiles and vehicles speeds 
8,000 ft/sec and light gas gun (see cut) with in- 
terchangeable barrels varying bore between inch and 
inches diameter capable launch speeds 
30,000 ft/sec. 


The Vertol Division, Boeing Canada has announced 
the order four Boeing Vertol 107 
copters for the RCAF. This order will bring six the 
total number these aircraft, designated the CH-113, 
RCAF service. They will built the Boeing plant 
Morton, Pa., but finally accepted the RCAF 
Arnprior, Ont. 

The helicopters will highly specialized search and 
rescue vehicles with exceptional load-carrying abilities. 
With the large capacity fuel tanks, they will 
able carry 2,000 payload more than 650 statute 
miles before refuelling. 


November, 1961 


Power will provided two General Electric T58-8 
engines, and cruising speed will 150 mph. The heli- 
copters will have seats for fully equipped troops will 
accommodate litter patients. 

Capable all-weather operation all conditions un- 
der which fixed-wing aircraft can operate and tempera- 
tures low —65°F, the CH-113s will have rotor blade 
de-icing and will equipped with portable auxiliary 
power unit for standby electrical power extreme cold 
climates. modern electronic system for search and 
rescue operations will also fitted. 


Garrett Manufacturing Ltd. has begun deliveries 
magnetic amplifiers and reactors the Electronic and 
Ordnance Division the AVCO Corporation, Cincinnati, 
Ohio. These units are designed control electrical cur- 
rent within 0.2 amperes, under varying ambient condi- 
tions and varying electrical power supply. 

The AVCO contract the first one Garrett Manufac- 
turing has received from firm outside the framework 
its parent Garrett Corporation, Los Angeles, since 
the latter initiated extensive campaign participate 
the US-Canadian Defence Sharing Programme. 


THE NAME THE INSTITUTE 


ballot recommendation the Council that the 
name the Institute should changed the “Cana- 
dian Aeronautics and Space Institute” was completed 
the 20th October. The President appointed three voting 
members the Institute act scrutineers and count 
the votes, and the following the text their report, 
dated the 21st October, 1961: 

“On the October, 1961, the membership was 
asked vote the Council’s recommendation that 
the name the Institute should changed 

Canadian Aeronautics and Space Institute 
The ballot papers were returned the 20th 
October. 

have today opened the envelopes and counted 
the votes. The results were follows: 


Number votes cast 914 
Number favour 773 
Number not favour 133 
Number spoiled ballots 


McEachern 
Finlayson 
Luttman” 


This report was placed before the Council its meet- 
ing the 22nd October. The recommendation was con- 
sidered adopted and formal Amendment the 
Bylaws will now prepared for submission the mem- 


bership. 


AMENDMENT THE BYLAWS 


the near future the voting membership will asked 
approve ballot certain amendments the Bylaws 
the Institute. The amendments will submitted 
three groups, each group voted whole. The 
groups are follows: 


Group (i) The Name the Institute 


The change name the Institute, adopted the 
membership the ballot held during October, will neces- 
sitate the amendment several Sections the Bylaws 
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simply replace the words “aeronautical” and “aeronau- 
tics” “aeronautics and space”. Group (i) will comprise 
these amendments and others associated directly with the 
change name; among the latter will one broaden 
the qualifications necessary for the grade Associate and 
another define Sustaining Member more completely. 


Group (ii) Entrance Fee 


This group confined amendment Section 
Article 10. The purpose the amendment delete 
the now obsolete reference membership the Insti- 
tute’s parent societies and give the Council discretion 
waive entrance fee when seems desirable attract 
members from another, dissolving society. The Canadian 
Astronautical Society has announced its intention dis- 
solve its interests with those the Institute; 
the Council would like waive entrance fee for those 
members the CAS who wish join the Institute and 
who within specified period time. 


Group (iii) Membership Dues 


evident from the Financial Statement for 1960-61, 
published the September 1961 issue the Journal, that 
the financial structure the Institute inadequate 
support it. Broadly speaking, the administration should 
supported the entrance fees and dues individual 
members; meetings, publications and other activities should 
substantially self-supporting, and Sustaining Members’ 
contributions should regarded available support 
such activities the extent that they fail support them- 
selves. With the present dues structure and face 
generally rising costs this not remotely realized, and the 
Council has regretfully concluded that increase dues 
certain categories necessary. This the chief sub- 
stance the proposed amendment Section Ar- 
ticle Group (iii); however, addition, the amend- 
ment relieves members resident the USA from paying 
the full rates; future they will benefit from the lower 
rates hitherto applicable only members resident over- 
seas. 

Group (iii) also includes amendment Section 
Article 10, planned encourage members joining the 
Institute the fall, the beginning the active season. 


APPOINTMENT NOTICES 


The the Journal are offered free charge 
individual members the Institute seeking new positions and 
Sustaining Member companies wishing give notice 
positions vacant. Notices will be published for two consecutive 
months and will thereafter be discontinued, unless their re- 
instatement specifically requested. Box No., which en- 
quiries may addressed (c/o The Secretary), will assigned 
each notice submitted individual. 


The Institute reserves the right decline any notice con- 
sidered unsuitable for this service or temporarily to withhold 
publication if circumstances so demand. 


Positions Vacant 
Project Engineer (Electrical/Electronic): with least 
five years experience the design airborne electrical 
and electronic installations. Duties will include preparation 
schemes and supervision small section draftsmen 
engaged wiring and interconnecting diagrams, and 
advising group technicians working the repair and 
overhaul electronic equipment. Familiarity with RCAF 
procedures and drawing systems would advantageous. 
Minimum educational requirement, British Higher National 
Certificate Electrical Engineering, equivalent. Age 
30-45. Salary according experience and qualifications. 
Excellent benefit program after short probationary 
period. Assistance with relocation expenses discussed 
with successful applicant. Apply Manager Industrial 
Relations, Northwest Industries Limited, Box 517, Edmon- 
ton, Alberta. 


COMING EVENTS 


BRANCHES 
Edmonton 


December Orricers’ Mess, DC-8 
Maintenance, Speaker from CPA. 


January RCAF Orricers’ Mess, VTOL, 
Speaker from Okanagan Helicopters Ltd. 
Ottawa 


namic Propulsion, Dr. Savic, NRC. 


SECTIONS 
Propulsion 
19th-20th February Details announced. 


CHRISTMAS CARDS 


bearing the Crest full colour, 
are available members the following prices: 


each 


$1.25 for ten 


$5.50 for fifty 


(Prices include envelopes: for delivery Ontario, 
add Sales Tax) 


Orders, with appropriate remittance, 
should sent 


Tue SECRETARY, 
Canadian Aeronautical Institute, 
Metcalfe Street, 
Ottawa Ont. 
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mounting will get your project off the ground more 


Here are the hard facts: 


Soft mounting the use engineered protective sus- 
pensions has become the preferred method for boosting 
the reliability aerospace equipment. 

applied experienced Lord engineers, this technique 
provides optimized system for protection against severe 
vibration/shock/noise environments. Here’s why: 


Soft mounting reduces the effects dynamic disturb- 
ances safe, predictable levels. Isolation efficiencies are 
compatible with equipment response characteristics. 


Soft mounting can provide the performance versatility 
control low, high broad frequency vibraticn plus 
shock. 


Soft mounting avoids direct attachment the equipment 
the structure where vibration levels are often un- 
known factor. 


Soft mounting combines damping and elas- 
ticity engineered package compatible 
with tight-space limitations. 


Soft mounting ends the danger local 
unforeseen resonant responses causing dam- 
age equipment malfunction. 


A CANADA IRON COMPANY 


Soft mounting offers cost and weight savings compared 
ruggedization. “Beefing up” avoided and lighter com- 
ponents can used. 


Soft mounting provides protection for storage, transport 
in-flight environments. 


Soft mounting has increased the reliability equipment 
for such projects Atlas, Titan, Polaris, Hawk, Centaur, 
Minuteman, Mercury, low-level B-52, X-15 and others. 
Lord offers aerospace designers proved capabilities the 
design, production and testing soft mounting systems. 
call the nearest Railway Power Sales Office will 
put you touch with the specialists vibration/shock/ 
noise control. 


Railway Power 


ENGINEERING CORPORATION, LIMITED 


NEW GLASGOW - QUEBEC - MONTREAL - NORANDA - NORTH BAY 
OTTAWA ~- TORONTO - HAMILTON - WINDSOR - SAULT STE. MARIE 
WINNIPEG - CALGARY - EDMONTON - VANCOUVER 
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CREATIVE CONTROVERSY 
INERTIAL GUIDANCE 


Behind the inertial package you see 
here the instructive history 
creative controversy. 


It’s the history how the ingenious 
rebuttals some Litton Systems 
people won engineering debate 
overcoming certain obstacles 
that had been roadblocking prog- 
ress airborne inertial navigation. 


The equipment shown the stable- 
platform unit Litton LN-3 
navaid system, first furnish op- 
erational aircraft with inertial navi- 
gation information accuracy 
within 1.5 nautical miles for each 
hour varied flight maneuvers. 


The debate: had been known 
that inertial platform could 


built around two two-degree-of- 
freedom gyros place the three 
one-degree-of-freedom gyros that 
were the standard concept. And 
that such change would offer 
number important advantages 
including high gyro angular mo- 
mentum compact platform, 
better servo response characteris- 
tics, and freedom from air-bubble 
problems achieved through the use 
low-viscosity damping fluid. 


Many inertial engineers felt strongly 
that the difficulties encountered 
trying manufacture two-degree- 
of-freedom gyros would more than 
offset the promised benefits. The 
difficulty regarded with the most 
superstitious awe was the problem 


adjusting the center gravity, 
center buoyancy and total weight 
the float containing the gyro 
achieve neutral buoyancy speci- 
fied temperature and zero torque 
about all three axes, within ex- 
tremely narrow tolerances. 


The additional restriction, that the 
weights placed the float for bal- 
ancing shall fall between mini- 
mum and maximum allowable 
size, increases the complexity the 
actual balance procedure, placing 
the “linear programming” cate- 
gory from computer standpoint. 
The problem was solved being 
programmed for solution digi- 
tal computer order provide 
efficient and reliable balancing 
process production. The success 
this approach demonstrated 
the world-wide operation 
the Litton aircraft naviga- 


tion system, proven lightweight 


system high accuracy that uses 
two-degree-of-freedom 


The same approach being used 
expedite the development even 
more advanced systems, which will 
assure Litton’s dominant position 
the field. They include the Litton 
Doppler-Inertial System for the 
anti-submarine patrol aircraft and 
the P-300 inertial platform the 
Air Force Flight Data System for 
orbital and sub-orbital vehicles. 


Attractive openings are available 
for electronics engineers and mech- 
anical technicians with 
years assembly experience any 
the following 
forms, gyros, accelerometers, servo 
mechanisms similar precision 
mechanical equipment. These are 
permanent positions long term 
programme. apply, write 
Personnel Manager, Litton Systems 
(Canada) Limited, 123 Rexdale 
Rexdale, Ontario. 


LITTON SYSTEMS 
(CANADA) LIMITED 


Rexdale, Ontario 


DIVISION LITTON INDUSTRIES 
BEVERLY HILLS, CALIFORNIA 
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Certainly new aviation projects take many 
forms, but manned, unmanned, research 
commercial, they all depend efficient 


hydraulics. 


The drawing board stage, before, the time 
self contained organization dedicated the 


highest standard quality. 


EXPERIENCE SPECIALIZATION SERVICE 


DOWTY EQUIPMENT CANADA LIMITED, AJAX, ONTARIO 
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Many famous names aeronautics and astronautics answer the roll call United Aircraft Corporation: 
Pratt Whitney Aircraft, engines power 90% the world's commercial transports... Sikorsky 
Aircraft, world's largest maker helicopters Hamilton Standard and Norden, manufacturers 
components for the aircraft tomorrow. partner this huge complex, Canadian Pratt Whitney 


Aircraft United Aircraft Corporation for all Canada—and can call the vast resources United 


Aircraft Corporation research strengthen both the industrial and military positions the nation. 


CANADIAN PRATT WHITNEY AIRCRAFT 


COMPANY, LIMITED MONTREAL, QUE. 


SUBSIDIARY UNITED AIRCRAFT CORPORATION 


PRATT WHITNEY ENGINES SIKORSKY HELICOPTERS HAMILTON STANDARD PRODUCTS NORDEN ELECTRONICS 


